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*lhe Patterns of Air Flow doting Pronunciation : 
a Feasibility Study for Automatic Recognition 
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Since the latter half of the nineteenth century the kymographic recording 
of air flow out of the mouth has been a basic tool of phonetic research* Ori- 
ginally using rubber diaphragms end tracings on smoked paper wrapped around a 
clockwork-driven drum* kymography how Uses electronic equipment ; but the 
objects and. results are essentially, the same* namely to record variations In 
air flow which are diagnostic of phonatory and articulatory events In the vocal 
■ tract* ? iigxc .... . ... , • . • ; 

The linear trace of the kymograph, however* gives. In effect* Information 
about only one dimension of vocal activity; namely the varying durations and 

4 

degrees of constrictions of the tract* as indicated by. the variations through 
time of the volume-velocity of air flow out of (or into) the mouth and nose. 

■ . The present research project is an, attempt fo Introduce a second dimension 
Into recordings of ait flow out of the. mouth* namely, to add at least some indl 
cations of tha location and . cross-sectional shape of constrictions of the vocal 
tract*,-.;. : ; ,w 

The hypothesis is that- articulatory constrictions at different locations 
and of different cross-sectional s^pe moLd area should In many cases produce 
: .differences In the location and cross-sect fonal ^ea of the total mass of air' ■ ' . 



: - . 



flowing out of the mouth* Thus, It might be predicted that air flowing through 
a lateral channel (as for C: ^ • t^taua 
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air flowing through a central channel (as for /z/) , that air flowing through 
narrowly rounded lips, as for /u/, would show a more concentrated and centrally 
located outflow than air flowing through a vertically wide opening as for /a/, 
and so on. It was further hoped that finer discriminations might be obtained. 

For Instance, there might be characteristic differences in the cross-sectional 
flow pattern for such pairs of sounds as /e / and /s/; the latter, perhaps, having 
the flow directed somewhat more downwards than the former. 

It was realized from the start that there might be at least three possible 
sources of problems. First, the subjects were to produce isoxated sounds 
representing as far as possible certain English phonemes. However, f^inemes 



cannot be defined absolutely but only relative to other phonemes; the articula- 
tors are allowed some degree of freedom in their placement. Thus an English /t/ 
is recognized as such. whether the tongue is touching the teeth or the back part 



of the alveolar ridge. In another language these two positions might define two 
rather than just one phoneme. Thus, when a subject attempts* to say a sound 
twice, representing the same phoneme, a slight change in articulation might 
change' the air flow pattern but not the phoneme. This factor would be even 
more apparent between subjects because each- person tends to develop his own 

t. Second, the size and shape of 
the vocal tract varies from person to person. Thus, because of physiological 
limitations, even approximately identical articulatory positions in different 
people may not produce Identical airflow patterns • Third , the initial air flow, 
issuilly from the lungs, may vary without changing the quality of the sound. 









to : a variation ih air f low rpat tern. 
i ha remembered that for 
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the present purposes it is not necessary that a' given phoneme result in exactly 
the same airflow pattern each time. It is only necessary that the pattern be 
distinguishable from *he patterns formed by all other phonemes in employed 
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Initlal experiments using a moveable hot-wire anemometer in front of the 

* «■ S 1 '*■’ '■> ’ ** V A* ' ‘ <P • •" ! " ", 

* 

mouth were inconclusive, not only because of the problems mentioned above, but 
also for tiro other reasons* 

\ ■' V, <+» * *1 ' *h i-: * " * -■ * - •' * „ .. > ■ k. 

First, the necessity of placing the anemometer probe successively in four 
different positions meant that for each sound studied we obtained recordings 

'' ' l 

of four different utterances. ; It was therefore difficult to draw conclusions 
from these dat* about the air-velocity distribution over the four probe-locations 
for any one utterance of a sound. 

Secondly, in using only four probe-locatious it was impossible to tell if 

" ■ 

these locations were optimal . In any given case we might, in fact, have been 
massing the locus or loci of maximal flow velocity, or otherwise failing to get 
a reliabl picture ol the cross-sectional pattern of the flow. 

It became necessary, therefore, to find a way of obtaining a more general 
visualization of the location of the whole mass of air flowing out of the mouth. 
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A Method Using Liquid Nitrogen * . 

Several methods of flow-visualization were considered. These Included 

... # 

the Schlleren technique (a method using the deflection of parallel light-rays 
by a density gradient, provided in this case by articulating after inhaling 
helium) and methods using infra-red heat and moisture-sensitive chemicals • 
Finally, a method uaijpg liquid nitrogen was selected. 1 A copper , screen 
was dipped, in liquid nitrogen and then placed on a rigid frame. Because of 
the rapid, evaporation of jhh liquid nitrogen, the .screen became quite cold and 
mdisuire from the air formed a frost layer on it. The gradual return of the 
screen's temperature toward that of the room was monitored with a circuit 
Including a constantan wire soldered to the center c> the copper screen at 
one end and to a copper lead, submerged in ice-water, at the other. A.VTVM 
measured the voltage between the lead and the screes, which was the sum of the 
emf generated at the two 






thermocouple junctions , and was proportional to the 
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temperature of the screen referred to that of the ice Water. Through exper- 
imentation a temperature was selected at which the screen Reared to he most 
sensitive to the air flow from the nouth (-5®C). Although this threshold was 

""5 

low, its effect on the measured pattern can. probably not be neglected. 

‘The subject approached the screen just before it reached threshold tern- 

, . • *A 4 ■ 

perature. He placed his nose against a wire projection. Which positioned his 
lips approximately 1.5 centimeters from the screen, and then he produced the 
given phoneme. The screen began to defrost from the warmth of the air flowing 
from his mouth. By use of a voice-operated relay, a photograph of the pattern 
on the screen Was taken exactly 1.5 seconds after the subject began to phonate 
(cf. Fig. 1) ; This time lapse allowed the pattern to develop but was not so long 

— — «■ — I— ■■ ill — MM MM —I — Mil —I MM Miwuwii — w — im — mmtm mm 

Insert Fig. 1 about here 



that defrosting* from other factors had much chance to alter the pattern. Each 
observed pattern of air flow is, therefore, time integrated; it is not the pattern 



at any given moment during production of the sound. The utterance was simul- 
taneously recorded on a .tape recorder for later measurement of relative sound 
levels. • " ’ •*• T ^ " .v ,: 



Seven sounds, representing approximately isolated utterances of the English 

phonemes /a/, ,/d/, jlf\ /s/, /X/, /«/, and /X/ were used as samples. In a given session 
a subject spoke Wch df the seven sounds twice in succession; he tried to 
duplicate ‘each sound as closely as possible^ in articulatory position and effort. 
Subjects One and iWb each Served in two sessions a 'Week ; apart, while Subject : ■ 

three se^S^ : iS'1 v a---— 

Figures 2-4 present tracings of the photographs of the air flow pat terns. 

Because the. photographs were the same site as the original patterns, these 

mi. i. — „ ■ • rn, .•< ^ ' ... • ” . : : — __ — — . 




tit right-sided* Subject One’s /!/ Is 
tlnct fr^ and fit as that of TWo ai 



three 



traeingsare life-size. The .+■ represents that point in the subject's mouth 
where the lower edges of the two uppe^ front teeth come together. t The patterns 



:u »;j frctrseja 



s. 2-4 about here 



marked by 



and - — - — were obtained in the first session; those 
h- were recorded in the second • An incomplete tracing in- 



marked by - and — 
dicates that the. pattern extended beyond the edge of the photograph* 

Examination of the tracings reveals that the pattern of air flow is quite 
consistent over utterances of the same phoneme by one subject. In this respect, 
the vowels are the mosus consistent.* Their* patterns arc very much like those 
that might be predicted from general phonetic knowledge. The patterns for tat 
followed very closely the outline of the shape of the mouth. The absence of 
a record here for Subject Two is understandable because the velocity of air 
flow from the mouth during this sound is low. However, it should be no ad that 
no systematic relation was observed between the area of the air flow patterns 
and the sound pressure level of their correlated sounds. The patterns for /u/ 
for all subjects were small and centered* about the mouth. This type of pattern 
is consistent with the rapid air flow, the rounding of the lips, and the small 

oral opening that occur during this sound. 

• ■ . . ^ . *■ /■- 

The /l/ and the voiced fricatives seem to be the next most consistent 
within a subject The frieeti^ show the widest variation, which may 

be partly the result of |the^ air flow. The patterns for /1/ 

are ; partic^ef^^ • Subjects Two and Three snow clearly unilateral 

patterns— with the difference that Two *s tit appears te be left-sided . Three* s 

not so dis- 
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sounds MW to 00 greater than the var *at lone within a sound. 
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intra-subject cdnal^teacy 



little inter 







exi phoneiab . y 0 ^ the vowel 
at all* There appears to oe no dimple transform, such as reduction or enlarge— 



Only the vowels show any Consistency 



went or change of posit ion, maketwoaubjects > data congruent. 



Differences In anatomy, articulation, andbreath— streamcontrolmay obscure 
sucih regularities as exist across subjects* Therefore, it appears that an 
efficient pattern-matching method for the differentiation of phonemes is quite 
possible, based on their correlated patterns of air flow, for a given subject* 
However, because of the extensive inter*-subj|ect variation, the standard patter ns 
would have to be modified for each new Subject* 
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Fig. 1. A 
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An Application of Digital Inverse Filtering to 
the Systematic Variation of Vowel Parameters 

John F. Hemdal 

- ' , . 

Center for Research on Language and Language Behavior 



Abstract 

The Levin time-domain method for the least-squares determination 
of impulse functions and filter characteristics has been applied to 
the measurement and systematic variation of vowel parameters* This 
technique determines the optimum filter that equalizes or transforms 
a given time series into a related or derived series. For example, 
when given a typical vcwel waveform and an estimate of the correspond- 
ing laryngeal excitation, the method produces the impulse response of 
the vocal tract during the production of that vowel. This results in 
a time-domain approach to analysis-by-synthesis. Alternately, this 
method may be used for the systematic variation of certain vowel 
I parameters. In this instance, one vowel waveform of a given speaker 

and a second vowel waveform of the same speaker are considered as in- 
put and output waveforms; the impulse response obtained from this 
equalizing technique exhibits the characteristic difference between 
the vocal tract configurations of the two vowels. In addition, this 
filter impulse— response may be systematically varied and convolved 
with different vowel waveforms, producing quasi-natural vowels. 

These quasi-natural vowels, in turn, may be useful in charting per- 
ceptual regions in vowel spaces such as the formant one-fbrmant two 
plane. This paper describes the mathematical formulation, its im- 
plementation on a digital computer and some preliminary results. 



One of the factors which has pre sided impetus to studies in speech synthe- 
sis is the need for the systematic control of acoustic parameters for studies in 
speech perception. Since we are mostly concerned with perception of natural 
speech, every effort is made to increase the naturalness of the sounds of svn- 

I 

thetic speech. The extent to which perceptual behavior may be "non- lingual" 
if the listener is presented with speech-like sounds, is difficult to determine. 
On the other hand, it is also difficult to systematically vary a given acoustic 
parameter of a naturally-produced vowel in order to provide perceptual stimuli. 

To avoid the possibility of obtaining misleading or shifted perceptual 
boundaries when using unnatural speech-like sounds, a study was undertaken to 




m 
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test the feasibility of varying a single pole of a natural vowel, it was sus- 
pected that multiplication of a pole and sero transfer function by the vocal 
tract transfer function would achieve the desired result, but only at a great 
expense of computing time. Therefore, an investigation was conducted into the 
Levin time-domain extension of Wiener's classic least-squares prediction and 
smoothing procedure (Levin, 1960) • 

To review the method, consider the block diagram in Fig. 1. 



Insert Fig. 1 about here 



If f A^ 18 11 s^ionary process with both random and deterministic compo- 
nents, then the Wiener method provides & frequency domain, least— squares deter- 
mination of a linear, time-invariant filter-response g AB (t) which will produce 
a desired output f g ( t) » The method requires only the correlation functions of 
the input and output.* This process requires knowledge of the infinite past of 
a stationary process and therefore cannot be used for non-s tat ionary pulses. 

Levin, however, was able to relax the conditions on stationarlty and knowl- 
edge of the infinite past and was able to perform the transformation in the time- 



domain. Therefore, his approach is applicable to a single glottal pulse or pitch 
period of the speech waveform. Furthermore, this transformation is sufficiently 
general that the input and output functions need not be related. 



TMs technique determines the impulse response of a suitable filter which, 
if convolved with the functioo f A (t), will produce the desired output f B (t). 
The methgd nay be examined more closely with Fig. 2. 




A linear integral equation in the 4 correlation functions of the 
input and output is presented in line (1) . “ The solution of this equation 

' ' ... V 

yields the linear least-squares convolution operator g A _ (t) . The condi- 
tions for the existence of. this solution require f A (f) be a station- 
ary random process and that the integration be carried out for & semi- 
infinite extent. • 

In line (2) , however, a discrete version of the integral equation 
appears, for which Levin has shown the existence of a solution. If the 
correlation functions (or more properly, the -lagged cross-products) are 
finite, then the summation takes place over a finite extent. Further- 
more, the condition of stationarity of the input and output is not 
required. The solution g^g(t) Is the least-squares convolution operator 
for a finite-length signal f A (t). 

wr A 11 

The solution to the equation (2) can be obtained most* easily by writing 
this equation as a matrix operation, as shown in FlgV 3. 



Insert Fig. 3 about here 



The discrete-* operator may then be obtained- as a solution of N simultaneous 
linear equations' in N unknowns. /’ 4 . 

Figure 4 shows the matrix equation alongside the equation for a direct 



solution for the convolution operator. 









MblMMM 






Kh 

'/■'■'ti- , ■ • -*vi 



Vi' ••/ 

. -V '• 










i 

The latter approach, requiring the* discrete- inpat and output tine-series 
themselves rather than the lagged^ cross-products or empirical correlations , 

is not attempted because the input and output may be incompatible i.e., 

there may exist no ®fact operator for arbitrary f A and f fi * When using 
the lagged cross-products, however, we are assured that a solution of 
equation (3) does -exist* and that- this solution is the least— squares approx— < 

imatlon to the exact 1 solution* Thus, unrelated time functions may be used 
without prior testing for compatibility* j 

This feature -makes' the method* attractive for studying vowel acoustic 
waveforms* If th* vowel waveform is considered to be the output and the 
glottal pulse waveform the input , then the solution to the matrix equation 
(3) is- the convolution operator or the tlme^omain impulse response of the 
vocal tract* To check- this*' result, a single pitch period of the vowel /o/ . 
was chosen as fg(t), the - assumed' output* . The approximate glottal pulse 
shown in Fig* 5 is considered the input* 



Insert . Fig* 5 about here 



A solution’ of the- matrix .equation «by , digital computer yields the convolution 
operator orimpulse response of the vocal traet. during * single pitch period 
of the vowel /$/• 

A Fourier analysis' of this impulse response should exhibit the poles 
or formants of the vocal tract f but not the zeros of the glottal pulse* 

This time^omdiii operation is equivalentvto cancellation of the zeros of the 
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frequency at about . 12 db per octave* the result Is. similar. to pre-emphasizitg 
the vowel spectrum at tbe-higher frequencies. It has more significance than 
simple pre-^mphasls, however, since -extraction of .the glottal-source 
characteristics from the acoustic waveform is performed*- It is possible to 
gain an*, advantage* other' than just making higher order, formants more apparent • 
To illustrate* the -spectrum in Fig. 6 is determined from a single pitch 



Insert Fig. & about here 



period from the vowel 7 $ /, and no frequency pre-emphasis was performed. 

On a linear scale, the higher formants are barely. detectable. Figure 7 shows 
the spectrum obtained by a time-domain cancellation of . the ef f ects of the 



Insert Fig. 7 about here 



glottal pulse. Note particularly the absence of the fundamental and second 
harmonic, and ‘the increase of energy at . the*.higher frt a ihciee. It was not 
possible to obtain the exact shape. oftheglottal pulse that was present at 
the production of this vowels therefore, it was impossible to obtain com** 



cancellation of the glottal zeros. This results in the prestate of 
extraneous peaks in* the spectrumw Closer approximations . to the correct 
source would ^'clean -up 1 ' .the spectrum.: i ' • ' „ 

A vsecond^exai^le -of the .effects^ of . time^domain cancel: tion of the 
contrit^tlot^of -tto spectrum is stiver in ■ . 

narrowing 






Insert Figs. 8 and 9 about here 



of the first formant, which arises from the removal of the effect of har- 
monics of the source In shaping the spectrum. Again, we see the removal of 
harmonics, the accentuation of the second and third formants, and, unfortun- 
ately,^ the incomplete cancellation of some source zeros. Notice also the 
possible ambiguities in the location of for*iant three. If a different glot- 
tal pulse Is assumed for the calculations, the spectrum shown In Fig. 10 
results. Here the ambiguity in the locus of the third formant ie resolved. 



Insert Fig. 10 about here 



but Incomplete cancellation of the sixth harmonic obscures the. first formant. 
Implying that both of the assumed glottal-pulse shapes were Inadequate repre- 
sentations of the actual source waveform. 

The preceding discussion Is not aimed primarily at adding to the numerous 



methods already available for determining transfer functions of the vocal 



tract. Rather, we are Interested in the feasibility of determining this 
transformational technique, using the least-squares digital inverse operator 
which would remove a specified formant from a vowel waveform and replace it 
by an alternate formant. In its simplest form, the waveform of a vowel, say 



«*y be considered the filter input and another vowel waveform /o/ may 
be considered its output. The solution, which always exists, may be consid- 
ered 'js that convolution operator which transforms the jo l vowel into an 




The predominant 



action of 



this 



operator would be 



to 



remove 



the 




relatively high first formant of /&/ and replace it at a lower frequency* 

It would be expected that other poles and zeros would require some shift- 
ing ani% since this may well interfere with the primary movement of the 
first formant, it was thought best that the operator be determined for shift- 
ing a single pole. One such convolution operator is shown in Fig* 11. A 

■n 

series of such operators was calculated; it was designed to progressively 



Insert Fig. 11 about here 



shift the first formant frequency of the vowel I o / by 100 cps steps* 

The effect of the convolution operator on one pitch period of the vowel 
1-0 / is shown in Fig* 12. The dotted line represents the spectrum of the 



Insert Fig* 12 about here 



vowel /«3> / before shifting the first formant; the solid line shows the vowel 
spectrum after the shift* The resulting decrease in the height of the second 



formant peak is in accord with the measurements of formant amplitude performed 
by Fant and others (1963). 

It was mentioned earlier that a hoped-for result was the systematic var- 



iation of vowel parameters which did not destroy the naturalness of the sound 



of the vowel* Presumably, this naturalness is a result of variations In 



pitch, glottal-pulse shape, formant transitions and the spectral shaping re- 
sulting from higher-order formants* In this preliminary study it was possible 
to examine only a single vowel pitch period at a time; consequently the vowels 
were reconstructed from repeated pitch periods and most of the factors 
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Figure Captions 

Fig a 1. A blockdiagxamrvillustrating. tjhev filtering process for vowels* 
Fig* 2* The linear Integral . equation -inexatt'O ) arid discrete (2) 

forms* 

Fig; 3* A Matrix* equatioiv*wbich Is. equivalent, to . the discrete version 
of the Integral equation* 

Fig* 4~ For comparison, the . matrix. equation and the lntergral equation 
for solving for g^Ct) directly* 

Fig* 3* A free-hand, approximations to . the glottalpulse waveform* 

Fig* 6* The- frequency spectrum* of a single pitch period extracted from 
the middle of the vowel /3 / (Speaker DVY) , No high frequency pre-emphasis 
or other spectral . preshaping . was performed* 

fig* 7. Thespectrttm.of. thessae^pitch period of / 0 / after removing 
the effects of the glottal pulse by Inverse filtering* 

Fig* 8* The frequency spectrum of' a single pitch period from the vowel 
/3€ / (speaker DVT)* Again jno-.spectral prashaping* was performed* 

Fig* 9*' The spectrum of -the pitch period* of fX / after removing the 
effects of . the glottal pulse by; Inverse filtering. The assumed glottal pulse 
shovnhad* approximately *:a *60. per cent . duty-cycle . 

Fig; 10* The spectrum of thes vowel fXl after removing the effects of a 
different* glottal pulses * This glottal pulse had. approximately a 95: per cent 
duty-cycle. 

\ ' • . 

Figv ll* Ausexample of the waveform ’Of a. digital Inverse operator* 

„ . - 5 . , , * ' 1 

This*, operator, shifts*.*- pole at 1600 cps to. a pole at 3200 cps. The lack of 
symmetry/ tsr/the^ o p e ri i te r .resulted fr^ errors and .the Ihharmoalc 

relations between . therepetition^ of the waveform and the 
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pole at 3200 cps* - ^ v ^ 
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Flgii 12. ; ■ . vowel to t 

resulting from Inverse* digital . filtering < first foment of the vowel to f 
(dotted line) was renoved f row 660^ Ops and -replaeed at 500 cps (solid line) • 
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The Relation Between Arousal and the Recall of Verbal 
Material In Connected Discourse: A Preliminary Report 

<n . , 

Frank Koen 

Center for Research on Language and Lan guage B ehav ior 



Abstract 




. ^ previous studies, measures of galvanic skin response (GSR) 

ThTe^rM^* 2 It the recall of words in paired-associate learning. 

inthiaff 1 s y « he r * 1 f tl ®“ between GSR and recall is examined 

of lonical «™!a V<!r ^ eW ? ts ln »essages that have the form 
gical arguments. The experiment also explores (a) the relation 

renal f “ a f e ^ent ° r disagreement with message content and 

<!>) *be_relation between both GSR and personal agree- 
ment on the one hand, and judgments of validity on- the other. 

One group is used to obtain data on validity judgments, while 
four others provide information on the effects of the recall inter- 
instructions to remember the material. Twelve experimental 

of^wTv i 66 ? f evel0ped ’ consisting of three syllogisms'^ in each 
of four logical forms, equated in difficulty as well as length 

emotionality . posdt * on of ltem t0 be recalled, but varying in judged 

Kleinsmith and Kaplan (1963, 1964) and Walker and Tarte (1963) found 
a relation between physiological arousal, as measured by GSR, and the recall 
of individual words in a paired-associate learning paradigm. Words which 
are associated with high arousal showed relatively poor immediate, but good 
long-term, recall; low arousal items exhibited a reverse pattern. Alper and 
Korchin (1952) and Kamano and Drew (1961), among others, have found a general 
relationship between an individual’s values and belief systems, and his recall 
of material relating to these opinion areas. Ss tend to recall material with 
which they are in agreement and to forget that with which they disagree. 

The same kind of relation has been found (Janis and Frick, 1943; Thistlethwaite, 
1950) between individual values and judgments involving logical inference. 

Again, arguments with which Ss agree tend to be 'seen as ^pp^e ; i«iih'-t*ich 

they disagree, as invalid. To date, there have been no studies of the relation 
between GSR and logical inference. ’/'X ^ V; 
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The present experiment seeks to extend previous results by asking three 
general questions: (a) Is arousal related to the recall of elements (words) 

which are part of normal language construction? (b) Is arousal (as measured 

* 

by GSR) related to accuracy of logical inference? and (c) Will a continuous 
record of the direction and degree of agreement/disagreement relate to recall 
and to validity judgments? 

In addition, the study Is expected to Introduce methodological Improve- 
ments In research Involving the use of GSR, inasmuch as the reading and 
Interpretation of the records will be carried out by the PDF-4 computer. 



Method 



Development of the stimuli 

Establishing the difficulty of logical forms. Sixteen syllogisms were 
composed— one-half valid, one-half invalid. They were presented to 80 Ss 
in counterbalanced order In both symbolic (i.e., "If p Is the case, then q 
Is the case"), and In translated terms (i.e. , "All members of Phi Beta Kappa 

■i 

must be college students"). The Ss were instructed to indicate their personal 
agreement (disagreement) with each of the three sentences In each syllogism, 
then to judge the validity of the argument as a whole. 1 Four forms were 

obtained which were very similar in level of difficulty. 

. , .1 • ' . 

Establishing affective properties of the syllogisms. Six translations 

• i * ■ - . ■ 

were made of each of the four selected forms. Nine Ss then performed a six- 
category Q sort which ranged from "most positive emctionally" to "most negative 
An average value was obtained for each syllogism- transit tion • Three trans- 
lations were chosen for each of the fquir forms— including a "most positive" 
instance, a "neutral" instance , and a "most "negative" ; Instance These 12 



i b ■ 



messages constitute the experimental stimuli . All sentences Included in . 
. instances ; of the same form were equated in number of words end in general 
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Determining effect of E's presence in experimental r<pom. Sight female 
students served in an experiment to compare the average GSR and imme diate 
recall scores; obtained w*ien E was in the experimental room with those obtained 
when, he was in an adjacent room, communicating with the S^ only by intercom* 

It was found that GSR tended to be lower when JE was absent , bu£ the effect 



was only marginally. significant. There was no difference in recall scores. 

Establishing the probability of guessing the recall word from context. 
The word chosen for testing recall was deleted from the last sentence of each 
of the experimental items. These truncated sentences were then presented to 
10 Ss with instructions to supply five words which would be most probable and 
. appropriate for completing the sentences. Weights were then assigned to the 







(predetermined) recall words on the basis of the percentage of correct guesses 

i 

that were made from context alone. 

During experimental sessions with Group I Ss (validity judgment.') , it 
was found that the greatest GSR deflections occurred most frequently to the 
fi tstsentences of the items* rather than the third (last) sentences , as 
had* been expected. In order to provide maximum. opportunity for. the effect 
of the arousal variable,!*: was decided to ask for recall (in Groups II-V) of 
specific words in first sentences. Therefore, one word was deleted from the 



first sentence of each experimental item, and these incomplete sentences were 



then presented to. 10 Ss with instructions to supply five words which would be 

(«. ■ - • . ' ' - .* . \ ‘ ■■ ■. \;V - * '•'■■■' ■ • f ■ 

the most probable and appropriate, for completing each sentence. Weights were 
determined as . heforel^:^ 1; • •.«. • • ’ 

Establishing exposure times for experimental Stimuli. The 12 experi- 



mental and 15 practice items were put on 2” x 2 H elides, beads to the GSR 



equipment were attached to each of 10 Ss . The S/ then saw the first sentence of 
a item, and she registers i MrAemAnf.H -1 MOMAnMf i«r a 4 



an 



loaded ana of a potentiometer; then the second sentence of the item was 
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exposed, followed by the third* The complete syllogism was theft shown and 

i 

i . 

a judgment of validity made. The measures of GSR and agreement/ and the 
judgment of- validity were recorded automatically. The average interval re- 
quired for the Ss to respond to each sentence of each item was determined. 
Apparatus 

After the had become practiced in the task, presentation of the stimulus 
items was automatic. An electronic timer fed pulses into a Grason-Stadler 
E 783B counter which controlled the slide changes of a Kodak Carousel projector. 
The GSR was obtained through the use of a Fels Model 22A Dermohmmeter ; the agree- 
ment (A) or disagreement (D) of the subjects with the content of the items was 
collected by a locally fabricated spring-loaded potentiometer connected through 
a DC source to the recording devices. Slide changes, A-D responses, and con- 
tinuous*' GSR values 'were recorded on a Honeywell 1508 Visicorder and on an 
Ampex SP 300 FM direct recorder/reproducer. 

Subjects 

\ 

All Ss were paid female undergraduate volunteers, except in the pretest 

\ 

designed to 'establish ‘the difficulty of the logical forms, and the test 



used to determine the probability of guessing the recall word from context. 
Procedure ■■ f, % • 

Validity judgments (Group 1) . Ss were seated in a sound-attenuating 
booth; GSR electrodes were attached to the first and third fingertips of the 
left hand/ Instructions were read over an intercom. The first sentence of 
a syllogism was projected onto a screen on the front wall of the booth for 

15 seconds 

.. .7 v .• 

ment or disagreement with the facts alleged in! the sentence by moving 
the cdntrol of the A-D peter. The second sefttdJMce was than projected for 
15 seconds; and the third for lb seconds, with continuous recordings being 
made of both GSR and A-D resppnses. The ant ire syllogism was then projected 



and the registered the direction and intensity of her "agree* 
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for 45 seconds, during which jS stated her judgment! of the validity of the 
ite»* The- next slide projected nine circles of color for 12 seconds, and 
jS was required to name* each one. S, was trained in the task with three self > 
paced illustrative items , before the autcMtic timing mechanism took over 
control of the presentation of stimuli These were followed by four auto- 
matically-paced practice items, and then by the 12 experimental items in 

one of four diffemt random orders. 

* 

Design. There will be five groups of experimental Ss, with 16 in each 

group. One group will judge the validity of the arguments while the remain- 

* 

ing four groups will constitute a 2 x 2 factorial design, with Instruction 
(instructed vs. non-ins tructed) and Recall Interval (immediate vs. one-week) 
as the main effects. 



Results 

Eighteen experimental Ss in Group I have been run, although the data 
have not yet been analyzed. A program is being written to permit the evalua- 
tion of all responses by the PDP-4 computer. Each will provide her own 
baseline on both GSR and A-D dimensions. For each £ in Group I, the accuracy 
of her judgment of validity will be examined as a function of the arousal 
(GSR) and the agreement (A-D) evoked concurrently by the messages. There 
will be comparisons of the accuracy of recall of Ss in Groups II-V, with 
Instructions and elapsed Interval between exposure and recall' as independent 
variables, and arousal and agreement with content as parameters. 
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Identification, Discrimination, Translation The Effects of 
Mapping Ranges of Physical Continue onto Phoneme and Sememe Categories 

Harlan Lane f 

Center for Research on Language and Language Behavior 

In a recently-published book entitled "A Linguistic Theory of Translation" 

\ 

Professor J. C. Cat ford writes: 

"Language.*. is patterned behavior. It is, indeed, the pattern which is 
the language*. .The precise quality of [a speaker's] vocal movements and [con- 
sequent] sound waves will be found to differ on different occasions, even when 
the speaker is 'saying the same thing. ' From the linguistic point of view, the 
important thing is that, on each occasion of 'saying the same thing', the vocal 
activities of the speaker conform to the same pattern" (1965, p. 2).. 

The interesting question arises, what is invariant— what is 'same'— when 
we perceive the speaker to be 'saying the same thing' or when the speaker, 
always as speaker-hearer, understands himself to be 'saying the same thing'? 

It is not the object of perception, the utterances that are invariant — these 
change from one occasion to the next. Instead, as the preceding quote states, 
the important thing is that the speaker conforms to the same pattern— and this 
pattern is language. Thus we have a many-to-one relationship between the 
changing utterances (the phonic substance) and the invariant pattern. And the 
criterion for this many-to-one mapping of a range of phonic substance into one 
pattern is function: the different bits of phonic substance function equivalently 
in social interaction— the hearer perceives the speaker to be 'saying the same 
thing. ' 

Professor Cat ford continues: 

"There are specific objects, events, relations and so on, in the situation, 
which lead the [speaker] to produce these particular vocal movements, and no 
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otherr • The precise nature of the situational features which are relatable to 
the performer's linguistic behavior will [also] be found to differ on different 
occasions, even when he is 'saying the same thing*' 

"From the linguistic point of view, however, the important thing again is 
that, in each case, the situational' features which lead to 'the same' utterance 
conform to the same general pattern" (p« 2) . 

The question arises again, what is invariant in a set of situations all 
of which lead a speaker to 'say the same thing'? It is not the situation sub- 
stance itself that is invariant — this changes from one occasion to the next* 
Instead, as the preceding quote states, the important thing is that the situa- 
tional features conform to the same pattern*-- and this pattern is language. 

Thus, we have a many- to- one relation between the changing situational substance 
and the invariant pattern, and the criterion for this many-to-cne mapping of a 
range of situation substance into one pattern is function. The different bits 
of situation substance function equivalently in their control over the speaker— 
they all lead him to say functionally 'the same thing*' 

Thus, the pattern that is language is bounded at both sides by a one-to- 
many relation to substance* On the one hand, we find classes of functlonally- 
equl valent bits of distinct phonic substance; on the other hand, we find classes 
of functionally equivalent bits of distinct situation substance* 

In this paper these two kinds of Psyeholiriguistic classes will be ex- 
amined, and in each case some implications for translation will be considered* 

Categories of phonic substance 

The smallest class of functionally equivalent bits of phonic substance is 
the phoneme* Figure 1 shows in detail how a tenge' of phonic substance is mapped 



into one language pattern. Seven distinct bits of phonic substance were pre- 
sented recurrently in scrambled order to. a group of naive listeners; All of 
the sounds consisted of the. same two formants, with the same transitional and 
steady-state frequencies, but the sounds differed in the time of onset of the 
first formant with respect * to the second. At the oae extreme, there was a 
sound whose formants began at the same Instant; at the other extreme, the 
first formant did not oegin until 60 msec after the second for man t had begun. 
The listeners were told to identify the distinct bits of phonic substance. 

The figure shows that three of the bits were functionally equivalent and 
belong to one phoneme claejs, whereas another three belong to a second class. 

It is important, to note the complete equivalence within classes and 
complete, contrast between classes,' the near dichotomizing of the continuum of 
phonic substance, the absence of a continuous phonemic scale. This brings to 
mind a quote from Charles Socket t:, 

"No phonologically relevant contrasts are of the continuous scale type. 

In a language where voicing and voicelessness are phonologically functional, 
a given bit of speech is either voiced or voiceless— not, structurally, half 
voiced or three-quarters voiced.... If we find continuous scale contrasts in 
the vicinity of what we are sure is language, we exclude them from language,... 
(1955, p. 17). 

Instead of finding a continuous scale in which, say, the first bit of 
phonic substance was heard as /do/ 100 per cent of the time, the second 85 per 
cent, the third, 70 per cent, and so forth, we find almost perfect polarity. 
This is reminiscent of Jakobson and Halle's statement that the dichotomous 
scale is inherent In the structure of language; and it Is consonant with 
C. L. Ebellng's description of the mapping of phonic substance into language 
patterns. Ebeling wrote: .• «■ 



"A sound dimension running from A to Z when parcelled out phonemically 
consists of .. *A-P allotted to a phoneme* a no-man *s-land P-Q* and Q-Z allotted 
to another phoneme* . .The function of a point is wholly defined by the mere fact 
that it belongs to one of the segments 11 (1962* p* 45). 

It is one thing to show that listeners assign to distinct bits of phonic 
substance the same linguistic label* and another to claim that these bits are 
mapped into one point in language structure and are indistinguishable for the 
speaker-hearer* Figure 2 illustrates the latter finding* If two bits Of dis- 
tinct phonic substance are presented to a listener and he is asked to tell 
whether they are the same or whether they differ in any respect whatsoever, it 
turns out that he is virtually reduced to guessing when the bits of substance 
come from the same phoneme class* Figure 2 shows the mapping f un ction ag ai n 
and above it the present findings for discrimination* Note that the first two 
bits of phonic substance, which fall within the range of the first phoneme class 
are not discriminated with more than chance accuracy— 50 per cent* The same is 
true of t&e second two bits of phonic substance* Comparable, results obtain 
for the second phoneme class . However* two bits of phonic substance drawn from 
different phoneme classes* in this case the bits labelled 20 and 30, are highly 
distinguishable and are discriminated nearly 100 per cent of the time* 

Thus we have functional equivalence within classes and contrast between 
them* Without indulging in a digression to explain the following statement, I 
would, say that this is the- behaviors!-. basis for the utility of the Pair Test 
in phonological investigations • 

Figure 3 presents ont again the mapping function and the discrimination 

\ • 

function and displays one more consequence of mapping a range of phonic sub- 
stance into one linguistic pattern* The graph at the upper right shows the 
latency with which a subject identifies the various bits of phonic substance* 
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that is, the time between the presentation of the sound and. his identifying 
response* Within the range of phonic substance in one phoneme class, latencies 
are relatively short and uniform* However, the bit of substance at the boundary 
of the phoneme classes— in "no-man's land," to use Ebeling's term— takes a long 

t 

time to identify* 

It should be noted that the identification, discrimination, and latency 
functions shown above are representative; comparable findings have been obtained 
for many other ranges of phonic substance, entailing such* contrasts as rapid- 
rabid, slit-split, ba-da, and so forth* Thus, the eirlier statements concerning 
the polarity of the mapping, the lack of discrimination within classes and its 
acuteness, between classes, and the equivocation in identifying boundary substance, 
are broadly based on empirical studies* 

Before turning to a similar analysis of the categorizing of situation sub- 
stance, these observations at the level of phonology may be extended to the 
problem of translation, as discussed by Professor Catford in his book* 

To begin with, we may take as a broad definition of translation "the replace- 
ment of textual material in one language (called the source language) by equivalent 
textual material in another language: [the target language]" (p. 20). Now Trans r* 
lac ion may be restricted to a single le\'el. Catford writes: 

"In phonological translation, SL phonology is replaced by equivalent TL 
phonology. There are no other replacements except such grammatical or lexical 
changes as may result accidentally from phonological translation. . . The basis 
for translation equivalence in phonological translation is relationship of SL 
and TL phonological units to 'the same* phonic substance" (p# 56). 

To illustrate this, Professor Catford gives a phonological translation 
from English to Greek. Translating the English /had/, we ask first what phoneme 
in Greek has a range of phonic substance closest to the English /h/. Lacking 




convenient descriptive terms for the ranges of phonic substance* they are 
referred to with the terms appropriate to their correlated articulations . What 
phoneme in Greek, then, shares the most substance with the voiceless glottal 
fricative in English? Probably /x/, a voiceless fricative Which is* however, 
not glottal* The English /a/ Is a low front vocold and the same phonic 
features are largely present in Greek /e/ (although the Greek vowel is not co 
low). English /d/ is a voiced apical stop, so the Greek phoneme with the 
greatest common range of phonic substance is probably the Greek apical stop 
/t/. It is, however, voiceless unless preceded by a nasal, so the best 
translation equivalent for /d / may be /nt /. 

, * * 

\ 1 ■ 

The basis of translation equivalence here is the relation of SL and TL 

' j ** 

phonological units to the same phonic substance. The degree of translation 
equivalence between two phonological units is equal to the degree to which 
their separate one- to -many mappings onto phonic, substance overlap. This over- 

t 

lap may be judged informally by ear, or it may be inferred from a knowledge of 
the articulatory patterns associated with the two phoneme classes; or, best 
of all, it may be assessed directly and quantitatively from the mapping func- 
tions associated with the two phoneme classes. To illustrate. Fig. 4 shows 
the ranges of phonic substance that map onto certain English consonant phonemes 
and those that map onto certain Spanish and Thai consonant phonemes, and how 
these ranges overlap, in this case, 30 bits of phonic substance, all with the 
same two formants but differing in the relative onset-time of these formants, 
were presented recurrently in scrambled order to. listeners who were native 
speakers of English, Spanish or Thai. 

Comparison of the mapping functions reveals that /d/ phonemes in English, 
Spanish and Thai are reasonable translation equivalents* However, they certainly 
do not encompass identical ranges of phonic substance since the range of English /d/ 



includes some bits of phonic substance perceived by speakers of Spanish and Thai 

as /&/• Turning to the voiceless stops , the English and Spanish /t/ are good 

• $'• 

translation equivalents , but the Thai phoneme with which they share the greatest 

L 

ra r of phonic substance is the voiceless aspirated stop /t /. 

Although, for the sake of simplicity, we have, examined the mapping of bits 

of phonic substance that vary in only one physical property, it should be noted 

\ 

that the analysis is not changed except in complexity if we consider the mapping 
of language categories onto several ranges of substance along several concurrent 
dimensions* For example, it is quite common to examine the mapping of vowel 
phonemes onto the concurrent ranges of phonic substance of first - formant frequency 
and second-formant frequency. The same generalization applies to the mapping of 
language categories onto ranges o2 situation substance. 



Categories of situation substance 

At the other boundary between language and the physical world — the boundary 
between pattern and situation substance— essentially the same state of affairs 



exists: from the linguistic point of view, the important thing is the invariance 

of language despite the variability of substance. In particular, we find the 

one-to-many mapping between a pattern and its range of situation substance. 

1 4 * ’■ ■ , . ^ 4 . „ - » 

Thus it is that distinct bits of situation substance may comprise one class by 

virtue of; their functional equivalence for the speaker. 

To illustrate this, it is useful once again to examine the mapping into 

language of distinct bits of substance that can be deployed along a single 

physical continuum. The ranges of situation substance that lead an English 

speaker to say one color name or another may be examined in Fig. 5. Fifty 

bits of situation substance were presented recurrent! y in scrambled order to a 



group of speakers. 



The displays were identical in size, brightness, and so 



- 8 - 

forth, but they differed in the wavelength of light coining from them— that is, 
they differed in hue. At the one extreme, a bit of situation substance was 
presented with a wavelength of 400 millimicrons; at the other, one with a wave- 
length of 700 millimicrons. The speakers were told to identify the distinct 
bits of situation substance. Figure 5 shows that nine of the bits were func- 
tionally equivalent and belong to one class— one "sememe" class— namely, red. 
Another range of distinct bits of situation substance is mapped into another 
class, namely green; and so forth. 

As in the case of phonic substance, it is important to note the high 
degree of equivalence within classes and contrast between classes; the absence 
of a continuous scale and the presence, instead, of successive partitionings of 
the visible continuum. Also paralleling the findings for phonic substance, 
distinct bits of situation substance that map into a single sememe are less 
discriminable than those that pap into different categories. This is shown 
by the discrimination function superimposed on the mapping function. Note the 
high levels of discrimination accuracy for comparisons of bits of substance 
drawn from different sememe classes, and the low levels of discrimination 
accuracy for comparisons of bits of substance drawn from within one sememe 
class. (Comparable discrimination functions have been obtained by numerous 
investigators; see the review by Graham, 1959.) 

The properties of classes of situation substance parallel these for phonic 
substance in yet a third respect, namely, latency of identification. 

Figure 6 shows, superimpose^ on the toapping functions f ^he^ average latency - 
of Identifying each bit of situation substance. Within the range of situation 
substance in one sememe class, latencies are relatively short. However, the 
bits of substance at the boundaries of the sememe classes— in no-matt * s-land— 
.take a /longer time to identify. ; " ? : ; 
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These observations may be extended to the problem of translation, now at 
the level of lexis* Recalling Professor Catford's definition of translation, 

"the replacement of textual material in one language by equivalent textual 
material in a second language," we note that in lexical translation "the 
[source language] lexis of a text is replaced by the [target language] lexis, 
but with no replacement of grammar* The basis of equivalence again is relation- 
ship to the same situation substance" (p* 72)* To illustrate this, 

Professor Catford gives a lexical translation of the English sentence "this 
is the man I saw" into French: "this the homme I voi-ed." Clearly, he con- 
siders quite reasonably that the lexical item in the target language that has 

* 

the greatest overlap of situation substance with "man" is "homme." This over- 
lap is usually judged informally; typically, we ask a person who has been in 
both environments and who speaks both languages* 

We can bring to light what is involved in this kind of judgment and can 
make the judgment directly and quantitatively when it is possible to determine 
the mapping functions of sememes in two languages* 

To illustrate this. Fig* 7 shows the ranges of situation substance that 
map onto certain sememes in English, Eskimo and several other languages, and 
it makes clear how these- ranges overlap . As we have- seen earlier , sememe 
classes partition the hue continuum rather than scale it continuously. Therefore th* 
classes can be shown in a table instead of by mapping functions* In the first 
column are shown the English sememe classes for hue, examined previously. To 
illustrate the process that underpins lexical translation , take English as the 
source language and Eskimo as the target language* English "red" has a reason- 
ably good lexical translation equivalent in Eskimo, although the latter sememe 
includes much of the range of situation substance that maps into English "orange " 




*» 20 «* 






The best translation equivalent^ for English "yellow" is equivocal, while English 
"green" and "blue" have the same lexical translation equivalent 

Summary 

The pattern that is language mak?s contact with the environment at two 
points; phonic substance and situation substance. The nature of this contact 
is a one-to-many relationship, in which one language pattern is mapped onto a 
range of distinct bits of phonic or situation substance. There are several 
properties of this relationship or mapping. First, it is functional The distinct 
bits of substance that belong in one language category cause the speaker-hearer 
to behave in ways that are functionally equivalent from the point of view of 
socia' interaction. Second, it is nearly absolute* Each point of substance 
along a continuum that maps into language categories belongs unequivocally to 
one of those categories. Third, the mapping renders distinct bits of substance 
that are in one class largely indistinguishable, while those that are in different 
classes are contrastive and highly distinguishable. Fourth, it causes some bits 
of substance, those within one class, to be readily and rapidly identified, 
whereas it causes similar bits of substance located just at category boundaries 
to be identiiied only with difficulty, relatively slowly. Fifth, the mapping of 
language categories onto substance is the basis for translation; two phonemes or 
two sememes are translation equivalents to the degree that their corresponding 
ranges of substance overlap. 
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Figure Captions 

Fig. 1. Identification functions for a synthetic speech continuum, 
illustrating how a range of phonic substance is mapped into phoneme categories. 
(After Liberman et al. , 1961) 

Fig. 2. A comparison of discrimination and identification functions for 
a synthetic speech continuum. (After Liberman et al. , 1961) 

Fig. 3. Distributions of discrimination accuracy and identification 
probability and latenpy for the /d/ - /!:/ continuum. (From Lane, 1965) 

of 

Fig. 4. The ranges of phonic substance that map on to certain consonant 
phonemes in English, Spanish and Thai. (From Abramson & Lisker, 1965) 

Fig. 5. Identification and discrimination functions for the hue continuum. 
(After Bear?, 1963, and Laurens & Hamilton, 1923, respectively) 

Fig. 6. Distributions of identification probability and latency for the 
hue continuum. (From Beare, 1963) 

Fig. 7. The ranges- of situation substance that map onto certain hue 
sememes in English and nine other languages. (From Ray, 1953) 
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Contrastive Analysis of the Prosody of General 

American English (GAE) and Colloquial Jordanian Arabic (CJA) 

1 

Raji Raramuny 

Center for Research on Language and Language Behavior 



Abstract 

This study is concerned with an instrumental contrastive 
analysis of the prosody of General American English (GAE) and 
Colloquial Jordanian Arabic (CJA) • The main purpose of this 
study, the first specifically contrastive linguistic analysis 
of the prosodic features of GAE and CJA, is to identify the areas 
of difficulty involved in the teaching of prosodic features of 
GAE to native speakers of CJA. A distinctive feature of this 
research is the use of the Speech Auto-Instructional Device (SAID) 
for analyzing and teaching prosodic features of both the native 
and target languages. The effectiveness of the SAID system as an 
electro-mechanical device for describing and measuring prosodic 
features (amplitude, pitch, tempo) of languages will be tested. 

The corpus prepared was recorded and developed through the 
cooperation of two groups: English informants and Jordanian sub- 

jects. The final set of recorded tapes was used in sorting out 
the utterances where the production of prosodic features of GAE 
by the Jordanian subjects was incorrect. The process of sorting 
was based on judgment cf the SAID system, judgment of linguis- 
tically trained listeners and judgment of the authors. The results 
obtained have pointed out some major areas of interference between 
the two languages. One of the significant points, found in this re- 
search, is the fact that CJA rhythm is not syllable-timed, although 
its effect is something like syllable-timing. 



In recent years, quite a few materials and dissertations concerned with the 
phonology, morphology and syntax of Arabic have been written. However, there 
are very few works dealing wholly or partly with the prosodic features of the 
language in particular ( Arabic Dialect Studies Sobelman, 1962). The only 
major modern work ( that we know of) devoted wholly to this subject is that of 
George Abdallah (1960). With the exception of this work, there is no specif- 
ically modern linguistic treatment of the prosodic features of either collo- 
quial or classical Arabic. 



1. The author wishes to acknowledge the assistance of Prof. J.C. Catford 
in the design, execution, and report of this research. 



It is also worthwhile noting that no satisfactory contrastive studies 
have been done of the prosody of American English and Arabic dialects, 
especially from a pedagogical viewpoint. There are two works that deal 
partly with the contrastive analysis of the prosody of the two languages 
(Kennedy, 1960; Nasr, 1955), both of which offer only limited details. 
Therefore, it is apparent that the present study will be of interest to 
both language teachers and linguists, since it is wholly concerned with 
an instrumental analysis of the prosodies of GAE and OJA. 

The main purpose of the research reported here is not to give a full 
description of the prosody of CJA, but to Identify the areas of difficulty 
involved in the teaching of prosodic features of GAE to native speakers 
of CJA. However, for the convenience of contrastive analysis of these 
aspects of the two languages, and to arrive at the areas of interference 
between them, it seems necessary to give an initial description of the 
prosody of CJA, restricted to the corpus of data. Perhaps this work will 
open the way for further research in the field with the expectation of 
predicting some problems that are involved in the teaching of prosodic 
features of Arabic to native speakers of English. A distinctive feature 
of this research is the use of the Speech Auto~Instructional Device (SAID) 
(Lane & Buiten, 1965) for analyzing and teaching the prosodic features of 
both the native and target languages. 





Method 

Informants and aublects 

The corpus was recorded and developed through the cooperation of two 
groups: English informants and Jordanian subjects. The first group consisted 

of John C. Cat ford and Alton L. Becker. Becker was selected as the speaker 
of General American English (GAE). The second group was selected from five 
Jordanian students, four of whom recently arrived in the United States. The 
members of this group represent the educated class in Jordan; have lived in 
towns all their lives; and have received their elementary and secondary educa- 
tion in Jordanian governmental schools. Their speech habits constitute one of 
the two major CJA dialectj— the dialect of the Eastern bank of Jordan. Al- 
though these subjects had spent 5 to 8 months studying in the United States 
before the start of this project, their knowledge of English was not good 
enough to enable them to use the language correctly and efficiently in their 
speech and writing. 

Procedure 

The corpus collected for recording consists of five English dialogues, 
especially prepared for the study of intonation, stress and rhythm. These 
dialogues contain 54 utterances to be selected for analysis including examples 
of affirmative and negative statements, yes-no questions, wh- questions, re- 
quests and commands, as well as greetings— in each caste using a variety of 
intonations . 

The English and Jordanian subjects were requested to produce the normal 
speech of daily conversation, while recording on magnetic tape, and to act out 
the dialogues in a patural way. 

In addition, the English informants were asked to record 30 of the 54 
utterances selected for analysis which were to serve as models. The Jordanian 






mibjects, in turn, recorded their imitation of these model utterances, so that 
recognition and production versus production without recognition could be stud- 
ied. For comparative analysis the CJA translation-equivalents of the 54 
English utterances mentioned above were recorded by the Jordanian subjects. 

Analysis of the corpus 

The recorded tapes were played back and tie 54 utterances for each inform- 
ant and subject (to be selected for analysis) were picked out of the recorded 
dialogues and copied on another set of tapes. This new set of tapes held the 
selected utterances for all the Informants and subjects arranged according to 
their occurrence in the dialogues,, This created the need for making a third 
set of tapes on which the utterances were arranged in the following order: 
first, the category of greetings with its various intonation patterns; second, 
the category of matter-of-fact statements, etc. Finally, a new set of tapes 
was prepared so that a listener could first hear a model recording as performed 
by the English informant, and then the recording of the same utterance by one of 
the Jordanian subjects* This was done with each pair of utterances. 

First we listened to the tapes, taking each pair of utterances as they 
were copied on the final set of listening tapes. The performance of the model 
was compared with that of the subject for amplitude, pitch and tempo. If the 
two utterances appeared to have different stress, rhythm, or intonation pat- 
terns, they were marked to be singled out. Otherwise, they were left unmarked. 
The resultant list was then classified into three major categories pertaining 
to stress, rhythm and intonation. 

Following this, a listening experiment was run in which six native English 
speakers, all linguistically trained, participated. The listeners were first 
given a sheet of instructions, explaining what was involved in the experiment. 
They were asked to listen to the tapes of English utterances by Jordanians 
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and then mark the primary stress points and intonation contours. This marking 
was done on an attached form which included all the utterances arranged in 
order. A final consensus of the listeners' reactions was then made. 

Finally, using the SAID system (pitch and intensity analyzer and pen- 
writer), charts of the selected utterances were completed for analysis as they 
were copied on the final tapes. The charts were very helpful in showing vari- 
ation, in connection with amplitude, pitch and tempo, between the performance 
of the English informants and the Jordanian subjects. 

The results obtained from an analysis of these charts were then compared 
with the results from the listening experiment, as well as with the judgment of 
the authors. Eventually, a final consensus of the three judgments was estab- 
lished. This consensus became the foundation upon which prediction and illus- 
tration of the areas of difficulty between the two languages were based. 

The difficulties pinpointed were then classified into three groups of 
problems g stress, rhythm and intonation. Finally, the problems t? each cate- 
gory were presented in the following manner: indication of the problem 

involved, its description, and its interpretation, in relation to any differ- 
ences found in this research between 6AE and CJA prosodic patterns. 

It is important to add that the findings of the comparative analysis will 
be utilized later on in preparing a programmed unit, for use with the SAID 
system. The program, to increase fluency in the prosodic features of 6AE, will 
be used by an experimental group of Jordanian students. This will provide an 
evaluation of the SAID system as an electro-mechanical teaching device of the 
prosody of the target language under study. 

Results and Discussion 

This section consists of two parts: first, a summary and discussion of 

the tentative description of CJA prosody as restricted to the corpus of data. 



o 



re- 
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and, second, examples of some major areas of interference (found in this 
search) between the prosodies of GAE and CJA. 

4 

Summary and discussion of the tentative description of the prosody of CJA 

Stress. In CJA, three degrees of stress may be identified, which occur 
with great regularity in words. These three degrees of stress are not phonemic, 
however, since their occurrence is determined by the syllabic structure of the 
word or its consonantrvowel sequence. 

For comparative purposes, these stresses are labeled: primary (*) , 

secondary O and weak ( w ). The following common patterns in the stress system 
of CJA are given for illustration: 

1. Words consisting of only one syllable take primary stress whether the 

syllable is short or long. The latter contains a long vowel vv, or a short vowel 
and two consonants, vcc. 



bds 


'but' 


bttd 


'after' 


kiif 


'how' 


8 day 


'tea' 



2. Words consisting of two syllables (short and long) take primary 
stress on the long syllable and weak stress on the short one: 

saj>dah 'morning* 

fiflplln 'twenty' 

ka£dbt 'I wrote* 

3. Words containing two long syllables take primary stress on the second 
syllable and secondary stress on the first: 

b&qrdtid * gunpowder' 

kaqjtdbt 'I corresponded with' 
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4, The first combination of vcc or w from the end of the word receives 
primary stress. 

'I introduce you' 
b&^dgdlq 'I believe' 

ni£?#ll£mhfl 'we learn it' 

In the CJA sentence , however, stress is significant, and any word may 
carry the main sentence stress. This is always a reinforcement of the primary 
word stress. It is worth adding here that in CJA, under the influence of 
sentence stress, most primary word stresses, other than the one receiving the 
sentence stress,. are reduced to secondary stresses. There are very few cases 

f 

where primary word stress is reduced to weak stress as in the case of GAE: 
mftmkin ?&axt& kubb&ayit s&ay Odanya lAw sam&ht. 

'May I have another cup of tfeu, pldase.' 

Sentence-stress and pitch are Interrelated, in that the nuclear tone or 
change-point, of an in ton. tion pattern ie normally located at the place where 

i 

sentence-stress occurs. However, there is some evidence that sentence-stress 
and pitch are independently variable, and both are therefore phonemic. Notice 
how, in the first oair of the following examples, there is change of pitch, 
but no change of sentence-stress, whereas in the second pair there is change' 
In location of tone, but no change in location of sentence-stress. This is 
represented graphically in Fig. 1. 

Insert Fig. 1 about here 

1. a) 7istdnna daqiiqa (normal request) 

3-*2-3- -3 1 1 



'wait a minute' 
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k) T^stfinna daqilqa (spoken with annoyance) 

3-1-3- -3 | | 

2. a) (4i)ss(iu yislm qaxuu 
3- "2-3- 3-3 1 1 

? What is his brother's name?' (normal question) 

b) (TiOssdu Tisim faxuu 
3- <t-3 '3-2 1 1 

'What is his brother’s name?' (question repeated with surprise) 

Pitch levels. Three relative pitch levels function in the CJA intonation 
system. They are fixed by their height, relative to one another. For con- 
venience of comparison with GAB pitch levels, they are referred to as follows: 



a) Pitch level /l/. This is the starting point of an 

intonation contour indicating great attention, surprise or unexpected- 
ness. 

b) Pitch level /2/. This Is the starting point of a contour 

used for special attention; it is less intense in contrast than 
"extra-high /!/." 

c) Pitch level /3/. This is the lowest pitch in CJA, used by- 

speakers for normal conversation. 

An important phonetic feature of CJA pitches is that they are not at equal 
intervals of each other as is the case of GAE pitch levels. 

Rhythm. Like GAE* CJA is stress— timed; the time is approximately equal between 

K 

stress groups (Pike, 1947, p. 13, 251-252). However, they differ importantly since 
in CJA every word in an utterance has a primary or secondary stress, whereas in 
GAE, many words (so-called "structure words" or "grammatical words"), e.g., 
articles, pronouns, auxiliary verbs, preposition® , are ndrmally weak-s tressed 
in conversational speech. These weak-stressed English words cluster together 
o * n with the strong-stressed words (so-called "content" words) . 
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These word-clusters are often translation-equivalents of single Arabic words, 
consisting of a stem plus one or more bound morphemes. Note the translation- 
equivalents of the underlined parts in the following: 

V 

1. What's his brother's ndme? (normal question) 

laxtiu 

2. Whdre did you say h£ pftt th&m ? (inquiring about the place) 

hdthum 

• • 

3. I'm hoping | to back | this year. (matter-of-fact statement) 

bat?£mmal | fdrjaV | 

It was seated above that CJA is stress-timed like GAE; but that in CJA every 
separate word has either primary or secondary stress. Therefore, it might also 
be said that CJ/ is "word-stress timed". Consequently, the CJA subject, speak- 
ing GAE, follows the CJA pattern of giving primary or secondary stress to every 
word. This results in many GAE grammatical words receiving a stress. 

It is very important to repeat that CJA rhythm is not syllable-timed, 
though its effect often is something like syllable- timing. For example: 

Model: | j fdhd had lived a | comfortable j life | but his brdther IhAdn't | J 

* 

Subject : 1 1 f Ahd jhOd | lived | A I comfortable J life J bOt jhis jbrdther | hadn't J| 

' .} 

If CJA were truly syllable-timed, the word comfortable would be pronounced 
[cdmj f6r | tO |ble] . The stress-shift from cdmf or table to comfortable is related 
to CJA habits of word stress (see CJA stress pattern no. 4 above). 

Pause. An analysis of the corpus reveals two significant contrastive 
pauses in CJA: 

a) Poised non-final pause / j / . This type of pause signals tentativeness, 
incompleteness and unexpectedness (in some cases) • It is normally short in 

o 
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duratlon and marks the end of segments of Incomplete utterances. 

b) Relaxed, final pause /||/. This Is of longer duration than the first 
type. It marks the end of complete utterances used In conversation. After 
falling contours at the end of utterances, this kind of pause Implies complete- 
ness and finality, whereas after rising or level contours of the type 2-2, it 
» 

Indicates surprise, unexpectedness or requires an answer. Example: 

~ Fahd Saas { layaa mlilha has ?axuuh maf asi$ 

3- '2-2 3- ' 2-3 1 3- '2-3 '2-3 || 

'Fahd had lived a comfortable life, but his brother had not. ' 

Examples of some major areas of Interference between the prosody of GAE and CJA 
Stress problems. First, the Jordanian subjects tend to substitute the 
secondary stress for a weak stress when they produce GAE utterances (see Fig. 
2a). 

Insert Fig. 2a about here 

Model: May 1 have andther cup of tha, please. 

Subject: Mhy I hhve andther cup of tea plhase. 

CJA pattern; mhmkin ?haxh& kubbhayit shay d&anya law samhht. 

(In Fig. 2b note how the GAE utterance as produced by the Jordanian subject 
has relatively even, high stress when compared with the model.) 

Insert Fig. 2b about here 

Second, the Jordanian subjects tend to place primary stress on the second 
syllable and secondary stress on the first syllable of disyllabic GAE compound 
words, because of the Influence of their native language stress patterns: 
mhilmdn 

rbommdte (see Fig. 3, and CJA stress pattern no. 3^ above). 



o 
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Insert Fig. 3 about here 

Rhythm problems. First, GJA habits of word-stress influence the Jordanian 
subjects to pronounce the words of a GAE utterance clearly and. loudly, giving 
each word its citation value in terms of length and stress. This resulted in 
"word-stress timed" rhythm (see Fig. 4). 



Insert Fig. 4 about here 

Model: | 1 Will ydu befhdre next se | master j| 

Subject: j | Will J ydu jbfe|h£re| n&xtj semester j J 

CJA pattern: Hrhayhi'v) tkfcun | hdohi J ^?f£t§li | M j &ay | \ 

Second, the speaker of CJA has difficulty in recognizing aftd producing 
reduced forms in GAE connected speech (see Fig. 5). 

Insert Fig. 5 about here 

Model: He’s been studying English for eleven years* 

Subject: He has been studying English for eleven years* 

[hii haaz biin studiying engliS foor ilevin yiirz] 

CJA pattern: saarlu byudrusi r ngliizi - hda? sar sana • 

These word-stress habits of CJA make English utterances, produced by Jordan- 
ian speakers, sound tense and unrelaxed to native speakers of GAE who may think 
that Jordanians are somewhat irritated when they speak GAE. 

Intonation problems. First, ail the Jordanian subjects have trouble in producing 
GAE intonation patterns^— 3, *2-1-4 and"2-4, which are used for greetings. They tend to 
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substitute their intonation pattern ^-3 instead, which makes them sound some 
what curt to GAE speakers# This may be seen by reference to Fig. 6. 



Insert Fig* 6 about here 



Model: Good morning, Sami '(lively and cheerful) 

2- -3 | -3 1 1 

Subject: Good morning, sami 

3- * 2 - 3 - | -3 1 1 

- 'to 

CJA pattern: dabaahi^lxeer saami« 

3- ' ‘2-3 | -3 || 

b) The Jordanian subjecta transfer their rising Intonation 0-2 when they 
produce GAE utterances signaling attached questions * because such questions are 
expressed by the rising intonation *3-2 in CJA, whether or not the question asks 
for confirmation or Information. This is verified in Fig. 7, 



Insert Fig. 7 about here 



Model: ^Doesn't he? (asking for confirmation) 

2- -4 I I 

Subject: Doesn't he? 

3- -2 1 | 

CJA pattern: mlsheek* 

3- '3-2 1 I 
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Figure captions 

Fig* 1* Graph (a) shows change in pitch, but no change in CJA sentence- 
stress* Graph (b) shows change in location of tone, but no change in location 
of sentence-stress. 

Fig* 2* a) An illustration of the fact that the CJA subject, speak in g 
GAB, follows the CJA pattern of giving primary or secondary stress to every 

word, b) Data taken from Fig. 2(a) showing amplitude relative to highest value, 
on same scale for Model and Subject* 

Fig. The difference, with respect to changes in loudness, between 
Model ^nd Subject in pronouncing the syllables of the compound word roommate . 

Fig. 4. An illustration of CJA "word-stressed timed" rhythm. 

Fig. 5. An example showing how GAE reduced forms are produced in their 
full forms by the Jordanian subject. 

Fig. 6. Nonresemblance of the two graphs, for Model and Subject, illus- 
trates how the Subject produces the GAE greeting with a different pitch contour 
from the Model. 

Fig. 7* The graphs show the difference, with respect to changes in pitch, 
between Model and Subject in producing the GAE attached question, "Doesn't he?," 
asking for information. 
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Loudness of Pure Tones as a Function of Frequency, 
Intensity, and Middle-Ear Mechanics 
Part II 

Acoustico-Mechanlcal Properties of the 
Middle Ear at Low Stimulating Sound Intensities 



Strange Ross 

Center for Research on Language and Language Behavior 



Abstract 

Acoustic impedance at the eardrum was measured for three Sa 
as a function of intensity and frequency of a tone stimulating the 
ear under measurement. An analog network for the middle ear devel- 
oped by Zwislocki is discussed, and the parameters of the network 
are adjusted to obtain the best possible match between input 
impedance of the network and acoustic impedance at the eardrum, for 
each jS. The transfer characteristic of the network is calculated 
for each set of parameter values, and the relation between this 
characteristic and the equal— loudness contours arrived at in Part I 
of this report is examined. Possible sources of a peculiar kind of 
variability in the measures of acoustic impedance are investigated 
by means of the analog networks. 



Introduction 

In Part I of this report a set oi equal- loudness contours for each of 
three Ss was presented. The analysis of these contours suggested that their 
general shape, as well as some local perturbations, might be better understood 
if the transmission characteristic of each middle ear under consideration were 
known. The recent work of Zwislocki (1962, 1965) indicates that this trans- 
mission characteristic may be recovered through the measurement of the acoustic 
Impedance at the eardrum. In the above-mentioned papers, Zwislocki has pro- 
vided the necessary theoretical foundation for such a venture by working out 
a model of the functioning of the middle ear. Further, he has developed the 
tool that makes possible the actual measurements, in the form of an acoustic 
bridge. 
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In addition to its relsvanca for the analysis of the abova-msntionsd 
equal** loudness contours, the measurements of acoustic impedance at the ear- 
drum to be reported in this and a later part of the present report may be of 
Interest in their own right due to two innovations in technique relative to 
previous studies. One of these is concerned with the frequency range employed. 
By means of a technique to be described later in this report, it was possible 
to push the lower frequency limit of the measurements from the previous value 
of approximately 100 cps down to 20 cps. Secondly, the acoustic impedance at 
the eardrum was measured as a function of the parameters of the tone stimulating 
the same ear, rather than stimulating the opposite ear as has previously been 
the case. 

As the intensity of the stimulating tone reaches a certain level, depending 
on the frequency of the tone and on the J3, the acoustic impedance at the eardrum 
begins to change. In the present part of this report all impedance measures 
collected will be presented, but only the "static" impedance that obtains up to 
the critical intensity level will be discussed. In Part III of this report the 
"dynamic" impedance will be treated. 

Method 

Apparatus and techniques 

The Zwislocki Acoustic Bridge (Grason-Stadler Co., Type E 8872A, Model 3, 
Serial No. 26) was employed for obtaining measurements of the acoustic impedance 
at the eardrum. In its intended mode of operation this bridge works as a 
Schuster bridge. In this mode a built-in symmetrical transducer radiates 
acoustic energy into a variable acoustic impedance, as well as into the unknown 
impedance (the eardrum). By means of a Y-tube whose branches are connected to 
symmetrical points in the two paths of Sound within the bridge and a stethoscope 
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connected to the itea of the Y-tube, i null is obtained by Adjusting appropri- 
ately the variable Impedance. 

In the present application It was desired to utilise the acoustic output 
of the bridge as the sound stimulating the ear under test. It was further 
desired that these stimulating sounds cover as wide a frequency and Intensity 
range as possible. Owing to the difficulties of constructing a sy mm etri c al 
transducer, the output of the built-in transducer Is sufficiently distortion- 
free only for measurements at rather low output Intensities, Difficulties in 
detecting the null (either by stethoscope, or by monitoring by means of a 
microphone followed by selective amplification) further set a lower limit to 
the frequency employed at about 100 cps. (Resonance effects in the bridge set 
a higher limit at about 1500 cps.) 

In order to overcome these limitations the Zwislocki Acoustic Bridge was 
employed as a Robinson bridge, rather than as a Schuster bridge. In this mode 
of operation an externally generated acoustic signal Is fed to the stem of the 
Y-tube. Through the symmetrical branches of this Y-tube signals of equal 
amplitude and phase are delivered to the two halves of the bridge. When the 
variable Impedance equals the unknown Impedance (of the eardrum) , the sound 
pressures on both sides of the built-in symmetrical transducer are of equal 
amplitude and phase. By employing this transducer as a microphone, a null 
may be detected under this condition. 

Details of the experimental set-up are a e follows (see Fig. 1). A 

Insert Fig. 1 about here 

speaker (University Driver Type ID-$0), driven by an audio oscillator (Bruel 
& Kjaer Type 1014), was employed as external sound source. After removing 
the protective screen from the neck of the driver, a rubber stopper provided 
with a piece of 1/4" dla. brass tubing was fitted in its place. A 20 cm long 
1/4" dia. rubber tube connected the driver with the Y-tube of the bridge. This 
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arrangement provided acoustic output* of the bridge with a diatortion of not 
more than 1.5 per cent at the following levels and frequencies: 140 db SPL at 
20 cps; 150 db SPL at 32 cps; 140 db SPL at 50 cps; 145 db SPL at 80 cps; 

135 db SPL at 125 cps; 150 db SPL at 200 cps; 135 db SPL at 320 cps; and 
125 db SPL at 500, 800, and 1250 cps. 

The built-in transducer was connected via a transformer (UTC Type LS-14X; 
primary 10 ohms, secondary 50.000 ohms) to a low-noise, selective pre-amplifier 
(General Radio Tuned Amplifier and Null Detector Type 1232-A), which fed 
another amplifier (Bruel & Kjaer Microphone Amplifier Type 2603). The output 
from the latter amplifier was filtered (60 cps filtering by means of Bruel & 
Kjaer Frequency and Distortion Measuring Bridge Type 1607; filtering of signal 
frequency by Krohn-Hite Band-Pass Filter Model 31Q-AB) and monitored either 
by phone or by meter, depending upon signal frequency. By means of this 
arrangement nulls could be detected for the following minimum sound pressure 
levels at the eardrum: 110 db SPL at 20 cps; 1Q5 db SPL at 32 and 50 cps; 

90 db SPL at 80 cps; 80 db SPL at 125 cps; 70 db SPL at 200 and 320 cps; and 
about 60 db SPL at 500, 800, and 1250 cps. Only for the latter three fre- 
quencies .does the Schuster mode of operation provide an approximately 10 db 
better sensitivity, while distortion due to the built-in transducer— as already 
mentioned — prevents this mode of operation below about 100 cps. (Filtering of 
the monitored signal greatly facilitates the null adjustment of the bridge in 
either mode of operation.) 

In coupling the acoustic bridge to the ear under investigation a speculum 
is employed (shown in Fig. 3). This funnel-shaped device is fitted at its tip 
with a plastic collar of appropriate size. When the speculum (with vaseline 
applied to the plastic collar) has been properly seated in the meatus, the tip 
of the acoustic bridge is inserted into the speculum, thus providing an air- 
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tight seal between meatus and bridge. Since the volume of air enclosed between 
the tip of the speculum and the eardrum contributes to the total impedance 
measured by the bridge, this volume is independently measured, and a compen- 
sating volume adjusted on the bridge. After this adjustment the reading of 
the bridge reflects only the impedance at the eardrum. 

It has been repeatedly emphasized, in the Instruction Manual, as well 
as in the literature concerning the Zwislocki Bridge e that an accurate 
determination of the volume enclosed between speculum and eardrum is of 
utmost importance if accurate absolute impedance measures are desired. This 
implies that the coupling between bridge and ear, as well as the volume 
measurement itself, be carefully controlled. Unfortunately, no standardized 
techniques for these purposes have as yet been developed. Previous investi- 
gators using the Zwislocki bridge have supplied only very scant information 
concerning their procedures in this respect. Thus, one group of investigators 
states that "the examiner hand-held the acoustic bridge in an approximately 
horizontal position" (Tillman et al., 1964), while another author states that 
the jS was positioned in a dental chair, and "the bridge was rigidly held in 
position by appropriate clamps and rods" (Dallos, 1964). Neither does the 
Instruction Manual accompanying the bridge recommend any specific procedure. 

In an attempt to introduce some measure of control in the application 
of speculum and bridge the following procedure was adopted in the present 
investigation (see Fig. 1). During impedance measurements the jS was resting 
on a cot, with his head thus positioned that the speculum when inserted 
correctly, i.e., so that the eardrum was visible through the speculum, was 
oriented vertically. After this positioning was obtained, the bridge was 
inserted into. the speculum and allowed to exert its own weight on the speculum. 
All adjustments of the controls of the bridge were carried out so as to maintain 
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this condition as closely as possible. During volume measurements the 
speculum was positioned in the same manner lb just described, and a bar 

i 

suspended at one end and so adjusted that its other end exerted a downward 
force equal to the weight of the bridge (240 grams) was positioned over the 
free end of the speculum (see Fig. 2). In this way the downward force 
applied to the speculum was constant and equal during both kinds of measure 
ments. 

— — ———— — — — w i mm mm mm ■w*W< w — w — M — 

Insert Fig. 2 about here 



The recommended procedure for determining the volume between tip of speculum 
and eardrum is to insert the speculum in a vertical position and inject 
alcohol from a calibrated syringe into the ear canal until the alcohol 
reaches the level of the tip of the speculum. Due to difficulties in 
determining when the alcohol (even when colored) reaches the proper level, 
this method does not seem the most suitable one for laboratory measurements. 
Therefore, as suggested by Tillman et al. (1964) , an electrical method was 
employed. An insert which fitted snugly into the funnel-shaped part of the 
speculum was moulded from resin glue, and this insert was fitted with a piece 
of insulated wire and a piece of 1 mm diameter tubing (see Fig. 3). Initially, 

Insert Fig. 3 about here 

the length of the wire was so adjusted that one end was flush with the tip of 
the speculum. The other end of the wire was connected to one terminal of an 
ohmmeter, and the other terminal was brought in contact with the S/ s body. A 
relay operated by the miter circuit of the ohmmiter activated an acoustic 
signal when alcohol injected through the tube In the insert reached the level 
of the wire, and, thus, the level of the tip of the speculum. Quite often. 
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however, unwanted short-circuits between the wire and the wall of the ear canal 
were encountered. This situation was bettered to some extent by shortening 
the wire protruding from the insert. In this case, of course, a greater 
amount of alcohol had to be injected before contact occurred between alcohol 
and wire, and a corresponding correction of the volume injected was made. (A 
different arrangement for measuring the volume between tip of speculum and 
eardrum was conceived later, but not actually tested. By providing a snugly- 
fitting insert for the speculum with two narrow tubes, alcohol can be injected 
through one tube until overflow is observed at the other tube. The necessary 
correction for the amount of alcohol injected is easily measured. It is felt 
that this method would provide a highly reliable measure of the desired v olume , 
and at the same time be extremely simple to perform. The use of colored 
alcohol might even further facilitate this procedure.) 

During impedance measurements at the ear, the electrical input to the 
driver connected to the bridge was measured and recorded. In order to convert 
these measures to the sound pressures generated at the eardrum during these 
measurements, the following technique was employed. After the completion of 
impedance measurements on the ear, the bridge was terminated by a variable 
impedance constructed from a syringe. The narrow tip of this syringe had been 
removed, and its open end was connected to the tip of the speculum by means 
of a short piece of flexible tubing (see Fig. 4). By varying the volume of 
the air space enclosed by the syringe the compliance of this termination was 

Insert Fig. 4 about here 

varied, and by inserting various amounts of more or less compressed cotton 
into the syringe the resistance of the termination was varied. By means of 
a calibrated probe microphone inserted through the wall of the flexible 




tubing, the acoustic output of the bridge when terminated by this variable 
load could be measured. 

In order to determine the sound pressures generated at the eardrum 
during the impedance measurements, the driver input and the bridge adjustments 
were replicated, a null was obtained^by appropriately varying the external 
variable impedance, and the sound pressure of the acoustic output of the 
bridge was measured by means of the probe microphone. This sound pressure 
was assumed to equal that generated at the eardrum under the corresponding 
conditions during impedance measurements. This process was repeated for all 
inputs and bridge settings employed during impedance measurements. Variations 
in the acoustic output of the bridge, at any given frequency, due to changing 
settings of the bridge were generally small. Up to 150 cps these variations 
were below ±.2 db; for the remaining frequencies employed variations did not 
exceed *2 db, except at 200 cps where variations as large as *7 db were observed. 

Procedure 

Two female Sa (JR and LL) and one male 1 (FP), all in their twenties, were 
employed in the present investigation. (These Ss are identical to the ones 
employed for the loudness matching experiments described in Part I of this 
report.) None suffered from any previously known hearing disorder. 

Measurements of volume between speculum and eardrum were conducted prior 
to the impedance measurements, according to the methods described above. 

Results were as follows: JS JR: .47 cc, .50 cc, .50 cc (mean: .49 cc) ; 

£ LL: .51 cc, .505 cc, .52 cc (mean: .51 cc) ; $ FP: .72 cc, .72 cc (mean: .72 cc). 

In order to maximize the comparability of Impedance measures obtained at 
different stimulating sound intensities, the following procedure for collecting 
these measures was adopted. For any given frequency employed, the bridge was 





left In place on the ear during a complete series of measurements extending 
from the weakest sound intensity for which a null could just be detected to 
the maximum level which the S. could tolerate. The electrical input to the 
driver was raised in steps of 10 db between each impedance determination; 
when the maximum level was approached, 5 db increases were used in most 
cases. 

The following frequencies were employed: 20, 32, 50, 80, 125, 200, 320, 
500, 800, and 1250 cps; (consecutive values of this series are spaced 
approximately 1/5 decade apart). One experimental session comprised one 
series of impedance determinations for each of these frequencies. The S 
was allowed sufficient rest between series of determinations so that after- 
effects of the stimulation reportedly had subsided. Subjects JR and FP 
completed four sessions each, and LL completed two sessions. 

Results 

Figures 5 and 6 show typical measures of equivalent volume and resistance 
at a given frequency as a function of the Intensity of the stimulating tone 

Insert Figs. 5-6 about here 

for each of four series of determinations for Ss JR and FP, respectively. It 
will be noted that the measurements of the different series exhibit a dis- 
placement relative to each other, in such a way that a series with low values 
of equivalent volume (i.e., with high values of reactance) contains high 
values of resistance, and vice versa. This kind of relationship between 
equivalent volume and resistance was found in the majority of cases. We 
shall have occasion later to look into the possible causes of this particular 
kind of variability of the data. 
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Choosing initially to disregard this variability, average impedance values 
were computed for each intensity level at each frequency, in so doing, measures 
of equivalent volume were averaged and then converted to corresponding reactance. 
Also, small differences in sound pressure level at the eardrum (due to differences 
in the settings of the bridge) were disregarded, and the average resistance or 
reactance was plotted against the average of these levels. Figures 7-9 display 
for each S, the average acoustic resistance and reactance as a function of the 
intensity of the stimulating tone, with the frequency of this tone as par ame ter. 
Logarithmic ordinates were employed for better separation. 

Insert Figs. 7-9 about here 

Inspection of Figs. 7-9 reveals that the impedance measures show a 
rather stable level at the lower sound pressure levels. These "Initial” 
impedance values are the concern of the present part of this report. From 
Figs. 7-9 these initial levels were estimated visually. Table 1 contains 

i ■“ 

Insert Table 1 about here 

these estimated values, and Fig. 10 shows these initial impedance levels as a 
function of frequency for all three Ss. 

Insert Fig. 10 about here 

In order to estimate the transmission characteristic of each middle ear 
investigated an attempt will be made— for each jS— to adjust the parameters 
of the electrical analog of the middle ear developed by Zwislocki (1962) in 
such a way that the model exhibits the same impedance/ frequency relationship 
as found for the given ear. If this can be accomplished with a reasonable 
degree of success, it may be assumed that the transmission characteristic 
of the model is a close approximation to that of the corresponding middle 
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ear* Before proceeding to this task, however, it will be in order to discuss 
the mechanical assumptions underlying Zwislocki's electrical analog. 

Mechanical Equivalent of Zwislocki's 
Middle-Ear Analogy 

Introduction 

Based on anatomical data and on measurements of the acoustic impedance at 
the eardrum, Zwislocki (1962) has developed an electrical network with proper- 
ties analogous to the acoustico-mechanical properties of the middle ear (see 
Fig* 11) • (For an exposition of the theory of mechanical and acoustical 

Insert Fig* 11 about here 

analogies see Beranek [1954].) This is not the place for a detailed account 
of the anatomy of the middle ear, nor of the considerations underlying 
Zwislocki's model* For this information, the reader is referred to standard 
textbooks, and to Zwislocki's papers (1957, 1962). It may be of interest, 
however, to present a mechanical equivalent of Zwislocki's model* This 
mechanical equivalent will serve two purposes* 1) for many, a purely 
mechanical model may be easier to understand than an electrical one 
(especially, perhaps, as regards the effect of varying various elements); 

2) by explicitly stating the mechanical assumptions underlying the middle- 
ear model, the reader will be able better to check these against anatomical 
and other kinds of information* 

While acoustical circuits are most conveniently treated in terms of 
impedance, mechanical circuits are more easily handled in terms of mobility, 
(that is, the Inverse of impedance). The diagram of Fig. 11 , which is 
stated in terms of impedance, therefore, is transformed into fhfe equivalent 
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mobility diagram which appears In Fig. 12. (This transformation may be 
carried out conveniently according to the "dot" method described by Beranek 

Insert Fig. 12 about here 

[1954].) In this diagram the, first vertical branch represents the mobility 
of the middle-ear cavities; the first horizontal section represents the 
mobility of the eardrum; the second vertical branch represents the rotational 
mobility of the malleo-lncudal complex; the mobility of the incudo-stapedial 
joint is represented by the second horizontal section; and the mobility of 
the stapedial complex (including that of the oval and the round window, and 
that of the cochlea) Is represented by the last vertical branch. In the 
following, each of these main sections will be considered in turn. 

Middle-ear cavities 

The anatomical correlates of the first part of the mobility analogy of 
the middle ear are the following. The tympanic cavity is located behind the 
eardrum, and connects through a narrow passage (the epitympanum) with a smaller 
cavity, the antrum, which in turn connects with the pneumatic cells. According 
to Zwislocki's model, the mechanical (or acoustical) equivalent of this arrange- 
ment, as seen from the eardrum, is a piston acting on a volume of air enclosed 
in a space with semi-rigid walls; this space connects via a tube of inter- 
mediate diameter (Beranek, 1954) with another volume of air. Figure 13 
illustrates this mechanical equivalent. Indices correspond to those of Figs. 11 

Insert Fig • 13 about here 

and 12. (A volume of air comprises a mechanical (or acoustical) compliance, 
represented by an inductance in a mobility analogy; the soft tissue covering 
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th« walls of the tympanic cavity acts as a mechanical responsiveness, represented 

by a resistance in the analogy; and a tube of intermediate diameter behaves 

* * 

mechanically (or acoustically) as a parallel combination of a mechanical 
responsiveness and a mass, the latter being represented in the analogy by a 
capacitance (Beranek, 1954)). 

Eardrum 

When attempting to construct a mechanical equivalent of that part of 
Zwlslockl's model that represents the eardrum, it should be borne in mind 
that when levers are employed in the equivalent, many such mechanical 
equivalents may lead to the same (reduced) electrical analogy. The mechanical 
equivalent to be described in the following represents, in the opinion of the 
present author, a reasonable choice among the many possible equivalents. 

The rudimentary anatomical and mechanical information concerning the 
eardrum and its coupling to the malleus is summarized by Zwislockl: "...at 
low and medium frequencies the major central portion of the eardrum moves 
nearly as a rigid body and with the same amplitude as the pars* oFTnalleus 
attached to it. The eardrum appears to rotate around its upper edge— -a 
mode of motion facilitated by a flexible fold near its lower edge. Neverthe- 
less, not the entire membrane moves with the same amplitude. Toward the edges, 
the motion decreases to zero. Also, due to their flexibility, parts of the 
eardrum can move even after a complete fixation of the ossicles. At high 
frequencies,., the mode of motion changes and different sections vibrate in 
different phases. All this means that, although the coupling between the 
eardrum and the malleus is close, it is not perfect, and some of the acoustic 
energy activating the eardrum is not transmitted to the ossicles" (1962, 
p. 1515). This information, together with the information available from 






Zwislocki's model, led to the mechanical conception illustrated in Fig. 14. 



Insert Fig. 14 about here 



Here the simple lever OA represents a section di of the eardrum close to the 
malleus. The floating lever AB represents areas d2 of the eardrum further 
removed from the malleus. The flexible fold near the lower edge of the ear- 
drum is represented by an Infinite mobility at B, and the mobility of the 
mass of section d 2 of the eardrum is represented by M^. (The mass of section 
di may be treated together with the mass of malleus; and since the mass of dx 
is very small ^ compared to the mass of malleus, it may effectively be ignored.) 



The two levers are joined by a frictionless hinge at A. Both levers couple 
via a compliance and a resistance to the malleus. The mobility of malleus, 
loaded by the remainder of the middle ear, is denoted by z*. The force f, 
representing the sound pressure at the eardrum, is regarded as attacking the 
junction of the two sections of the eardrum. Finally, the middle-ear 
cavities, represented by the mobility z^, are regarded as coupling to the 
junction of the two sections of the eardrum. 

Denoting the parallel combination of the mobilities and r^ by > 
and that of and r^ by m^, the total mobility u/f of the system depicted 
in Fig. 14 at point A can be shown to equal: 



( 1 ) 



u/f - 
where 



z*(k 5 m d £*+ k^z*) + (z* + m 4 1 )(k 7 md 2 + k 8 M d 2 + k 9 z ** 

ki» dl + k 2 m d 2 + k 3 M d2 + V* 
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(5) 

( 6 ) 
(7) 
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ac z bd / a _ d % 
ac ^a + b “ c + d^ 

,.*.± b A 2 d 

' a ' e 

, a + b ac - bd 
k9 „ — - -- , 



a, b, c, and d denoting the lengths of the segments of the levers of Fig. 14, 
In general, the expression (1) for the mobility of the mechanical system 
cannot be represented by the first horizontal section of the mobility diagram 
of Fig. 12. If it is assumed, however, that 



(8) a d 

b e* 

the expression for the mobility of the mechanical system is reduced to: 

(9) u/£ _ _JL +fe 1 4 a ) + «* (m d. * n d, ♦ M d,> 

k l k 3 % + “d 2 + lEi “d 2 

This expression is equivalent to: 

1 

(10) u/f ■ kjka* 1 ^! II ( ”d 2 + k7 M d 2 >l + **>• 
or 

(11) u/f - {£» di II (n d2 + (~^) 2 M d )] + «*}. 

2 

These latter expressions will be seen to describe a Mobility which, apart 
from the constants involved, is equivalent to the mobility depicted in the first 
horizontal section of the diagram of Fig. 12. 
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* We have thus arrived at the conclusion that, when the two lever ratios 
Involved as seen from point A are assumed to be equal, the mechanical 
diagram of Fig, 14 is an equivalent of the corresponding part of Zwislocki's 
model of the middle ear. This particular assumption does not appear less 
reasonable than the remaining assumptions involved in this part of Zwislocki's 
model. 

Malleo-incudal complex and incudo-stapedial joint 

The second vertical and the second horizontal branch of Zwislocki's 

model (Fig. 12) represent the malleus, the incus, and the incudo-stapedial 
joint. The joint between malleus and incus is assumed to be rigid, so that 
the combination of these two ossicles acts as one body. This body is 
suspended by ligaments, supplying resistance and compliance, and is able to 
rotate about some axis. The long process of incus and the top of stapes are 
connected in the Incudo-stapedial joint that is conceived of as a hinge with 
a certain resistance and compliance. Finally, the tensor tympani muscle 
attaches to a point of the malleus, supplying a certain amount of resistance 
and compliance. 

Figure 15 Indicates the layout of the various elements described above. 

Insert Fig. 15 about here 

* 

and Fig. 16 gives a mechanical equivalent in which rotary motions have been 

Insert Fig. 16 about here 

transformed to translational motions, and in which the mobility of the tensor 
tympani (z^) and the rotational mobility of malleus-incus ( z ) have been 
combined into a total mobility z q with the components M q , r o , and C Q . In 
both figures, elements with index s refer to the incudo-stapedial joint, and 
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* c denotes the mobility of the top of stapes. The electrical analogy of the 
mechanical system of Pig. 16 Is Identical to the second vertical and the 
second horizontal branch of Zwlslockl's model. 

Stapedial load 

The pertinent mechanico~anatomlcal Information concerning the mobility 
of the stapes Is the following (Zwlslocki, 1962). The footplate of stapes 
Is suspended In the oval window by the annular ligaments. These are supposed 
to be quite compliant at the anterior end of the footplate, and quite stiff 
at the opposite end. Each section of these ligaments acts as a combination 
of a resistance and a compliance. Immediately behind the footplate, and 
before the entrance to the cochlea proper, a column of perilymph Is located 
which acts as a mass. The cochlea Itself acts as a resistance, and the 
terminating round window acts as a combination of a resistance and a 
compliance. 

Figure 17 gives a mechanical equivalent of the system just described. 

Insert Fig. 17 about here 

M g and denote the mass of the stapes and the mass of the column of 
perilymph, respectively. r fi indicates the resistance of the cochlea, and 
elements with indices 'ow' and 'or' represent the component mobilities of 
the oval and the round window, respectively. 

Figure 18a gives the electrical analogy of the mechanical system of 

Insert Fig. 18a about here 

Fig. 17, and Fig. 18b gives a reduced electrical analogy. It will appear 

Insert Fig. 18b about here 
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that only by disregarding the mobility of the round window, i.e., by assuming 
that the mobility of the round window is large compared to the mobility of 
the annular ligaments of the oval window, is it possible to reduce the 
electrical analogy to the same form as that of the terminating branch of 
Zwlslockl's model* Such an assumption does not appear unreasonable* 

It should be mentioned that the contribution of the stapedius muscle 
to the mobility of the stapes is not explicitly Incorporated in Zwislocki'a 
model* This mobility, however, may be conceived of as acting in parallel 
with the mobility of the annular ligaments, and thus does not affect the 
validity of the form of the electrical analogy* 

Analog Approximation 

Input Impedance 

A digital electronic computer (Digital PDP-4) was programmed to 
calculate the reactance and the resistance at selected frequencies of 
Zwlslockl's electrical analog of the middle ear shown in Fig. 11. The 
programming was so arranged that 1) the reactance and the resistance were 
calculated at the same frequencies as those employed in the measurement of 
the acoustic impedance at the eardrum; 2) these calculated values were 
stored in the memory of the computer; 3) after a complete set of values 
were computed, these values could be read out in the form of corresponding 
voltages at a given rate; 4) resistance values were read out in the form of 
proportionate voltages, while reactance could be read out either as a pro- 
portionate voltage, or as a voltage proportionate to the logarithm of the 
reactance* By feeding the read-out voltages to a graphic level recorder 
(Bruel & Kjaer 2305), fitted with a linear potentiometer, a graphic record 
of linear reactance, of logarithmic reactance, or of resistance as a function 
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of frequency was obtained. In addition, the attenuation of the network 
(expressed as the ratio of the input voltage to the voltage appearing across 
* c . in db) was calculated for each frequency; these values likewise were 
available for graphical recording. Further, additional programs provided a 
greater number of frequencies, as well as a typewritten print-out of the 
calculated values for any specified frequency. 

The set of parameter values of the electrical analog given by Zwislocki 
(1962) was used as a starting point. Each parameter was systematically varied, 
and plots were made of the corresponding reactance and resistance values. 

These plots then served as a guide for adjusting the parameters to make the 
impedance of the analog match the measured acoustic impedance for each S. as 
closely as possible. The degree of agreement between calculated and target 
values was evaluated by superimposing the obtained graphs of reactance values 
and resistance values, respectively, on a corresponding graph prepared from 
the target values. Thus, degree of agreement was assessed independently for 
reactance and for resistance; as we shall see shortly, this may be said to 
constitute a limitation of the technique employed. The linear or the 
logarithmic graphical representation of reactance was employed depending on 
which section of the reactance graph was concentrated on at a given moment 
(that is, depending on whether large or small reactance values were at the 
center of attention). 

Even with a fairly high-speed computer, this matching process is a slow 
one. The total time consumed in calculating and recording reactance and 
resistance values for a given set of parameters is about five minutes. With 
18 different parameters and, in this case, a limited insight on the part of 
the experimenter into the mechanics of the model <> the set of parameter values 

finally selected as providing the best approximation very likely could be 
improved upon to quite some extent. 




- 20 - 

p 

In Table 2, columns 4, 7, and 10 list the £inal selection of parameter 

Insert Table 2 about here 

values for each of the three Ss. For comparison, column 2 gives Zwislocki's 
values. In Table 3, the computed values of reactance and resistance for 
these sets of parameter values are given, together with the target values. 

Insert Table 3 about here 

In attempting visually to assess the degree of agreement between calculated 
and observed values, two kinds of graphs may be employed. One kind is the one 
employed during the matching process, i.e., a graph of reactance vs. frequency 
and a graph of resistance vs. frequency, each graph containing calculated as 
well as observed values. As mentioned before, this presentation suffers from 
the limitation that degree! of agreement is assessed separately for the two 
impedance components. The! other kind of graphical presentation consists of 
a plot of resistance vs. reactance, with frequency as parameter. In this 
latter kind of graph all the available information is displayed in a single 
graph, and the compound degree of agreement between calculated and observed 
values may be assessed. 

Figures 19-21 display calculated and observed impedance components 
for each £. Observed values are indicated by filled circles, calculated 

Insert Figs. 19 - 21 about here 

values by open circles. Points representing observed and calculated values, 
respectively, for the same frequency are connected by a broken line, and the 
frequency in question is given as the parameter. 
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In evaluating the calculated impedance components relative to the observed 
ones, two main questions must be considered* One question Is: Can the approxi- 

mation In question be regarded as satisfactory, and if not, what are the possible 
causes for the discrepancy? The secqnd question isj Regarding the approximation 
as satisfactory, to what extent is the set of parameter values unique, that 

is, could an equally satisfactory approximation be obtained by another set of 
parameter values? 

Concerning the first of these questions we may note two things: 1), The 
slope of the line connecting points representing observed values is steeper 
than the line for calculated values for all Ss up to approximately 500 cps. 

2) Absolute values, and, in the case of £ JR, logarithmic (l.e., relative) 
values, show a greater discrepancy at the lowest frequencies than at the 
remaining frequencies. The reason for the latter kind of discrepancy may 
very well be that changes in acoustic impedance had already tak?n place for 
the lowest sound pressure levels at which measurements were possible at the 
very lowest frequencies, as indicated by the fact that no clear leveling-off 
of acoustic impedance with decreasing sound pressure level is indicated in 
Figs. 7-9. Therefore, no further explanation of this fact will be attempted. 

The difference in slope mentioned above may in principle be attributed to any 

r 

one or more of the following causes, a) poor adjustment of parameters; 
b) deficiency of the model; c) deficiencies in the measurement of acoustic 
impedance. The fact that the same kind of deviation between calculated and 
observed values is observed for all three Ss renders the first possible cause 
less likely than the remaining two. And since the deviations in question occur 
in a frequency range for which there is no reason to believe that the acoustic 
bridge should not function properly, the most likely cause of the observed 
deviations seems to be a deficiency in the model of the middle ear employed. 



This is not a very serious matter, however, since the deviations encountered 
very likely will suggest to someone with the proper competence what change in 
the analog should be made. 

Accepting, of necessity, our approximations as satisfactory |(at least, 
for the time being) , we must consider the second main question: fco what 

extent is each set of parameter values a unique solution? A systematic 
approach to the answer to this question would consist in changing one parameter 
value by an amount sufficient to give a significantly poorer approximation, 
and then attempt to restore the original approximation by appropriately 
changing the values of the remaining parameters . This process would then be 
repeated for each of the 18 parameters. However, because of the amount of 
time required to carry through such a process, this approach is not practically 
feasible (at present, at least). 

A partial insight into the uniqueness of a given solution may be gained by 
investigating the changes in the two impedance components as a function of 
frequency for changes in the value of each parameter in isolation. In case 
isolated changes of the values of each of two parameters produce practically 
identical changes in the impedance components, the initial set of parameter 
values is non-unique at least to that extent. In case changes of the value 
of each parameter in isolation produce clearly distinguishable changes in 
the impedance components, a higher degree of uniqueness is indicated, but 
the possibility still remains that the simultaneous change of the values of 
two or more parameters might produce changes of impedance components practically 
identical to those caused by changes in the value of a given parameter. 

As mentioned earlier, an exploration of the effect of changes in the value 
of each parameter has already been performed to serve as a guide to the adjust- 
ment of parameter values. This exploration was performed with Zwislocki's set 
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of parameter values as a starting point* Since the sets of parameter values 
adopted for Ss LL and FP are reasonably close to Zwislocki's set of values, 
the results of the following partial analysis of uniqueness may be applied to 
these two JSs* In the case of £ JR, however, some of the parameter values 
depart so much from Zwislocki's values that the results of the following 
analysis cannot be regarded as applicable to this J3. 

On the basis of their effect on the two impedance components within the 
frequency range from 20 cps to 1000 cps, the parameters of Zwislocki's 
middle-ear model may roughly be divided into three classes: 1) those with 
practically no effect on the Impedance components (for a range of variation 
from 25 per cent to 400 per cent of the original value) ; 2) those which 
affect mainly the resistance; and 3) those which affect the resistance as 
well as the reactance* To the first group belong the following parameters: 

^d 2 * V ^t * ^d 2 * R a* R m' R di* R d 2 * ^ t ^ ie ' ei -f ect * ve " parameters, two 
inductances (L and L ) , one capacitance (C ) , and three resistances (R 

» o p N o 9 

R s -, and R c ) belong to the second group, while the third group contains only 

capacitances (C, , C , C , and C ). 

di* o* s’ c 

Within the group of parameters that mainly affect the resistance, three 
different types of variation of resistance are encountered* One is produced 
by the two inductances L and L and consists in an increase in resistance 

a O 

with increasing inductance from approximately 300 cps and upwards* Although 

the increase in resistance peaks at different frequencies for the two 

inductances, the resulting changes in resistance are hardly discriminable 

within the frequency range considered* Another kind of variation is produced 

by R q and R^, and consists in a change in the general level of the resistance 

values, at least up to approximately 500 cps* R exhibits the same kind of 

8 

effect for smaller variations; for larger values of R the resistance at lower 

S' 
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frequencies is more affected* Finally, C produces changes in resistance 

P 

clearly discriminable from the effect of any other parameter in effectively 
translating the resistance values along the frequency axis. (In addition, 

C affects the reactance from 100 cps and upwards to some extent*) 

r 

The concomitant variations in resistance and reactance caused by the 
parameters belonging to the third group separate into three distinguishable 
kinds , for all of which changes in reactance are approximately inversely 
proportional to frequency: 1) level of resistance decreases, and (negative) 
reactance decreases with an Increase of parameter value (C , ) : 2) level of 

di 

resistance increases, and (negative) reactance decreases with an increase of 

parameter value (C , C ); 3) resistance Increases at a higher rate the lower 

the frequency, and (negative) reactance decreases with an increase of parameter 

value (C ) • 
s 

This analysis thus indicates that for Ss LL and FP, some trade-off is 

indeed possible between parameters within each of three groups, viz., and 

L ; R , R , and R ; and C and C • In addition, the values of the "ineffective" 
O O C 8 O C 

parameters are highly indeterminate. Two kinds of additional information will 
be effective in reducing this lack of uniqueness* One kind of information has 
already been utilized in Zwislocki's selection of parameter values, namely, 
anatomical considerations* The usefulness of this kind of information, however, 
is limited by the fact that such information cannot be obtained for the particu- 
lar Individual under consideration, but must be restricted to general statements 
concerning the population as a whole* The other kind of additional Information 
would be measurements of acoustic impedance at the eardrum for frequencies out- 
side the range now available. 

(It may be noted in passing that, since the effect of L is negligible, 

0 . 

the two last branches of the analog network are completely interchangeable 
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with respect to their effect on the input impedance of the network. With 
respect to the transfer characteristic of the network, however, no such 
interchangeability obtains. Thus, in this case the already available 
anatomical information is essential for assigning the parameter values 
involved to the proper branches.) 

Transfer characteristic 

We may now proceed to examine the transfer characteristic of the analog 
network for each of the three sets of parameter values. This transfer 

» 

characteristic may be expressed as the input voltage necessary to maintain 
a constant voltage across the resistor R , as a function of frequency. In 
the ear, this corresponds to a plot ol the sound pressure level at the ear- 
drum required to maintain a constant sound pressure across the cochlea, 
likewise as a function of frequency. Since sound pressure across the cochlea, 
velocity of the stapes footplate, and acoustic energy dissipated in the 
cochlea are all proportional due to the purely resistive impedance of the 
cochlea (Zwislocki 1962) , the above-mentioned plot may be conceived of as 
representing the input required to keep any of these three quantities 
constant. 

Columns 4, 7, and 10 of Table 4 give the voltage attenuations of the 

Inseri Table 4 about here 
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analog network for our standard series of frequencies for each set of parameter 
values. These attenuations are shown graphically in Fig, 22. In order to 

Insert Fig. 22 about here 
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ascertain the "degree of uniqueness" of these transfer characteristics, the 
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following procedure was undertaken. For each set of parameter values, the 
range of variation of each parameter was determined for which no significant 
deterioration occurred of the match between observed and calculated 
impedances, and the corresponding change in attenuation of the network was 
computed. The criteria for a significant deterioration of impedance match 
were made very liberal. In the case of S, JR, a change in resistance of 
*200 ofyns, or a change in reactance of *1000 ohms or *50 per cent, were 
required. In the case of Ss LL and FP, the criteria were *100 ohms change 
in resistance, or *750 ohms or *50 per cent change in reactance. For each 
set of parameter values, columns 3, 6, and 9 of Table 2 list the minimum 
parameter values, and columns 5, 8, and ll the maximum parameter values 
meeting these criteria. No attempt was made to determine the corresponding 
limits for the simultaneous variation of two or more parameters. The 
corresponding minimrm and maximum attenuations for v ach standard frequency 
are listed in Table 4, with 320 cps being used as a common point of 
reference (differences in level of attenuation being of no Interest in the 
present context) . A graphical presentation of these values will be given 
later (Fig. 27). 

The effect of the various parameters on the attenuation can briefly 
be described as follows. In the case of Ss LL and FP, changes in attenuation 
of 5 db or more are caused by the variations listed in Table 2 of all of the 
inductances, and by C^., R^, and R g . All these changes in attenuation take 
place above 1000 cps. The attenuation at lower frequencies is affected 
mainly by C , C , and C , but the listed changes in the values of these 

U O w 

parameters always cause changes in attenuation of less than 5 db. In the 
case of JR, the attenuation was less affected by the listed variations 
in parameter values. In no case did the change in attenuation exceed 5 db. 
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The attenuation above 1000 cps was affected mainly by only two inductance®, 

viz*, Lg and L^, and by R^, ^o* At fch® lower frequencies, the same 

parameters as mentioned above were effective, i.e., C , C , and C * 

o s c 

Comparlsion of Analog Data and Experimental Results 
Limiting equal- loudness contours 

One possible conception of the mechanism responsible for the shape of 
the equal- loudness contours for a given listener is that the ’loudness 1 of 
a gi/en tone is determined by the following factors: 1) internal noise 
which, according to Zwislocki’s theory of loudness outlined in Part I of 
this report, will affect mainly loudnesses associated with tones of low 
intensities ; 2) the conducting properties of the middle ear, which may be 
regarded as constant for low and medium sound intensities; 3) the effect 
on the conducting properties of the middle ear at higher and high sound 
intensities of a) the middle— ear muscles and b) changes in the axis of 
rotation of the ossicles* 4) the 'loudness-detecting 1 mechanism at the level 
of the sensory cells (or higher). 

According to this conception, all equal— loudness contours would be 
parallel to each other at sound intensities sufficiently high to render the 
inherent noise negligible, were if not for the operation of the middle— ear 
muscles, and the possible changes of axis of rotation of the ossicles* 

This, in turn, means that all matching functions would approach a linear 
asymptote with slope 1* Since the sound pressure levels are known at which 
changes in acoustic impedance at the eardrum (and thus, presumably, the 
action of the middle— ear muscles) begin to occur (for frequencies below 
approximately 1000 cps), we may estimate for each frequency combination the 
position of this asymptote* From these estimated asymptotes we can derive 
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the shape of the hypothetical equal-loudness contour that would obtain if the 
effect of the middle-ear muscles and of the possible changes in axis of rota- 
tion of the ossicles did not occur* Thus, this hypothetical equal-loudness 
contour, which will be called a "limiting contour," should reflect the ’static* 
sound conducting properties of the middle ear (assuming the * loudness-detecting* 
mechanism at the sensory level to remain constant) . 

In order to estimate the position of the above-mentioned asymptotes, the 
average loudness matches given in Tables 2 - 4 of Part I of this report are 
plotted relative to the matches for 320 cps* (Since these matches represent 
symmetric and transitive sets, the choice of reference frequency is of no 
consequence.) These plots are shown in Figs* 23 - 25. The positions of the 

Insert Figs. 23 - 25 about here 

estimated asymptotes, arbitrarily referred to 60 db SPL at 320 cps, appear in 
Table 5, columns 2, 5, and 8. The resulting limiting contours, being a plot 

Insert Table 5 about here 

of these position values as a function of frequency, are shown in Fig. 26. 

Insert Fig. 26 about here 



Relation between limiting contours and attenuation of analog network 

As mentioned earlier, the plot of voltage attenuation of the analog 
network as a function of frequency (Fig. 22) may be regarded as corresponding 
to a plot of the sound pressure levels required at the eardrum to maintain 
a constant velocity of the stapes footplate and, thus, a constant volume 
velocity of the cochlear fluid. In other words, this plot provides a means 
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of converting a given sound pressure level at the eardrum at a given frequency 
into a relative value of the corresponding volume velocity of the cochlear 
fluid, assuming, of course, that the model represented by the analog net- 
work is applicable. Thus, by subtracting the number of decibels representing 
the voltage attenuation of the network from the db-level of the limiting 
equal-loudness contour at each frequency, we obtain a plot o nypothetical 
relative values of volume velocity of cochlear fluid under the limiting 
condition of equal-loudness. These values appear in Table 5 and are plotted 
in Fig. 27 together with the maximum range of variation derived from the 



Insert Fig. 27 about here 



minimum and maximum attenuation values given in Table 4. 

According to Zwislocki (1965), a variable more relevant than the volume 
velocity of the cochlear fluid is the maximum displacement amplitude of the 
cochlear partition. In order to convert the volume velocity of the cochlear 
fluid to maximum displacement amplitude of the cochlear partition, the follow- 
ing steps are performed: 1) Volume velocity of cochlear fluid is directly 

proportional to velocity of stapes footplate. 2) Velocity of stapes footplate 
(in db) is converted to displacement of stapes footplate (in relative db) by 
subtracting 20 db/decade from velocity values. 3) Displacement of stapes footplate 
(in db) is converted to maximum amplitude of volume displacement of cochlear 
partition (in relative db) by adding 12 db/decade to displacement values 
(Zwislocki,. 1965). 4) Maximum amplitude of volume displacement of cochlear 

partition (in db) is converted to maximum displacement amplitude of cochlear 
partit.xon (in relative db) by adding 6 db/decade to volume displacement values 
in the frequency range from 100 cps and upwards (Zwislocki, 1965). 

I ombination, these four steps amount to subtracting 2 db/decade 
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above 100 cps from the volume velocity values of Fig. 27. Because of the 
irregular appearance of the plots of Fig. 27, this correction of values has 
not actually been performed. Roughly, the plots of Fig. 27 may be taken to 
represent the relative values of maximum displacement of the cochlear parti- 
tion for the condition of limiting equal-loudness. 

One possible interpretation of Fig. 27 is that the maximum displacement 
of the cochlear partition is constant above approximately 200 cps for equally- 
loud tones of sufficient intensity. The Increase in displacement necessary 
to maintain equal- loudness at the lower frequencies may be explained under 
reference to the diminishing innervation density of the cochlear partition 
near the helicotrema. The rather large variations exhibited at the high 
frequencies in Fig. 27 , which clearly exceed the range of variation 
accountable for by Isolated variation of individual parameters, may be 
disregarded under reference to the fact that the choice of parameter values 
is based on measurements of acoustic impedance at frequencies below that 
frequency range in which these large variations occur. Finally, the fact 
that the curves for all three Ss show a somewhat correlated variation with 
frequency for the medium frequencies may be attributed to the fact that the 
obtained impedance match between model and real-ear was less than satisfactory 
in this frequency range, indicating that an appropriate revision of the 
analog network might lead to more clear-cut results in this frequency range. 

What remains after this three-fold discounting of th'e data is the observation 
that between approximately 200 cps and 1250 cps, the maximum displacement of 
the cochlear partition shows no obvious and systematic variation with frequency. 
This observation lends some support to the hypothesis that the "equal- loudness- 
detecting" mechanism, at least for medium and high sound intensities, is based 
on the detection of equal maximum displacement amplitudes of the cochlear 
partition. 
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Variability of acoustic impedance at eardrum 

As mentioned earlier, and as illustrated in Figs. 5 and 6, the measures 
of acoustic impedance at the eardrum exhibit systematic deviations from one 
series of determinations to the next. We shall now consider two possible 

explanations of this phenomenon, both of which may be tested by means of the 
analog network. 

The first possibility for explaining the obtained level differences in 
the measures of equivalent volume and of resistance is to assume that varying 
pressure differences across the eardrum exist at different times. Such 
pressure differences have been shown to affect the impedance at the eardrum 
(Thomsen, 1958; Terkildsen & Thomsen, 1959). This explanation is supported 
by the following observations. One S, (LL) swallowed quite frequently during 
the impedance determinations. It was noted that if a null of the bridge had 
been attained just prior to the Sf s swallowing, this event would completely 
destroy the null. Further, the level differences in equivalent volume and 
resistance measures were on the whole considerably smaller for this S (LL) 
than for the two other Ss who swallowed only very infrequently. (This 
comparison, however, is rendered a little questionable by the fact that only 
two series of determinations are available for S. LL, compared to four series 
for the other two Ss.) 

Previous investigations of the relation between pressure difference 
across the eardrum and the impedance at the eardrum by Thomsen (1958) and 
Terkildsen & Thomsen (1959) unfortunately contain no information regarding 
the normal range of sporadic pressure differences across the eardrum. Thus, 
it is not possible to test the assumption advanced here against these 
authors' data. In any case, however, a reasonable precaution in future 
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experimentation of this nature would be to make the S swallow (by sipping liquid 
through a flexible tube) just prior to each Impedance determination; thereby, 
presumably, a pressure difference close to zero across the eardrum would obtain 
at each determination. 

Accepting for the moment that pressure differences across the eardrum are 
responsible for the observed differences in acoustic Impedance at the eardrum, 
the question arises as to what specific mechanism is Involved in this process. 
Two general avenues of explanation offer themselves. One would assume that 
a given static pressure difference across the eardrum would cause a displace- 
ment of one or more components so that some of the compliances (and, possibly, 
resistances) involved in the middle-ear system were altered. This approach 
is unsatisfactory because such changes in compliance would occur only for 
rather large displacements, i.e., for displacements of a magnitude sufficient 

to exceed the range of applicability of Hooke's law. Thus, the continuity of 

% 

change in impedance with changes in pressure across the eardrum as observed 
by the above-mentioned investigators would not be accounted for. In addition, 
when tested on the analog network as described in the following, it did not 
appear possible to produce changes of input impedance of the network of the 
same kind as those observed at the eardrum by manipulating the appropriate 
compliances (and resistances) of the network. 

The other possible mechanism by which pressure differences across the 
eardrum might cause changes in the impedance at the eardrum assumes that 
such a static pressure difference displaces the eardrum which, in turn, 
displaces the malleo-incudal complex in such a way as to alter the axis of 
rotation of this complex. This, again, would mean that the lever-ratio of 
this complex would vary with varying dc-pressures across the eardrum. 
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This latter hypothesis may be tested by means of the analog networks 
described earlier. A change in the lever-ratio of the malleo-incudal complex 
corresponds in the model to a change in the input/output ratio of the transformer 
representing this lever. In the transformer-less circuit actually employed, a 
change _n lever-ratio is represented by a change in the impedance of each 
component following the components representing that lever. Specifically, 
these impedances will vary with the square of the lever-ratio. 

4 

By varying the values of those parameters associated with the incudo- 
stapedial joint and the cochlea (that is, those located after the malleo- 
incudal complex) in such a way that all inductances and all resistances, 
involved are multiplied by a constant, and all capacitances involved are 
multiplied by the reciprocal of this constant, the effect of a varying 
transformer ratio on the input impedance may be computed. 

The following analysis will be restricted to the data of Ss JR and FP, 
for each of which four series of determinations of acoustic impedance are 
available. Figs. 28 and 29 show for each S, the average initial impedance 

Insert Figs. 28 - 29 about here 

values for each series of determinations, represented as individual points. 

The full lines represent, for each frequency involved, the change in Impedance 
of the corresponding analog network when the relevant impedances of the network 
are multiplied by a constant assuming values from .67 to 1.5. Arrows on these 
lines Indicate the direction of the change in impedance for increasing values 
of this multiplier. 

When the axis of rotation of the malleo-incudal complex is changed, not 

only does the lever-^ratio of this complex change, but the effective rotational 

. * 

mass of the complex changes as well. This latter change, however, is not 
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necessarily related to the former change i n any simple way because the change 
in rotational mass will depend on the geometrical distribution of masses with- 
in the complex* To get an idea of the effect of this change in rotational 
mass f however, we will assume it to be proportional to the changes in the 
impedances that follow, that is, proportional to the square root of the lever- 
ratio. The changes in input impedance, when changes in rotational mass of the 
malleo-lncudal complex are taken into account as explained, are represented in 
Figs. 28 and 29 by broken lines. Am evaluation of these results will be given 
later. 

As mentioned in the beginning of this section, another possibility exists 
for explaining the observed differences in acoustic Impedance at the eardrum. 
This other possibility consists in assuming that the volume of air enclosed 
between the eardrum and the acoustic bridge cannot be maintained absolutely 
constant from one series of determinations to the next, despite the precau- 
tions described earlier. By means of the analog networks the effect of 
variations of this volume of air on the acoustic impedance can be calculated 
in the following way. 

In an electrical analogy, a volume of air in front of the eardrum is 
represented by a capacitor connected in parallel with the network representing 
the middle ear. We therefore want to construct a network with a capacitor 
representing the average volume of air enclosed between eardrum and bridge 
connected across the input terminals, and with the same input Impedance as 
the original analog network. By varying the value of the capacitor across 
the input, the effect on the input impedance of corresponding changes of the 
volume of air may be computed. This task may be accomplished as follows. 

From the previous calculations the input Impedance of the original network is 
I'nown in terms of a resistance and a reactance for a given frequency. For this 

frequency, then, the input Impedance of the network is indentical to that of a 
series combination of a resistance and a reactance of these values. We now 
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construct a network consisting of a capacitor in parallel with a series combina- 
tion of a resistance and a reactance, so that the capacitor has a value corre- 
sponding to the average volume of air enclosed for the given S,, and in which 
the values of the resistance and the reactance are so chosen that the input 
impedance of this network is identical to the input impedance of the original 
network, at the given frequency. By changing the value of the parallel 
capacitor of this latter network by a predetermined amount, the effect on the 
input impedance of a corresponding change in the volume of air can be computed. 

Figures 30 and 31 depict the result of these computations for Ss JR and 

Insert Figs. 30 - 31 about here 

FP t for a variation of *10 per cent of the average of the measured volumes of 
air enclosed between eardrum and acoustic bridge. Lines connect the computed 
impedance values, with arrows indicating direction of change of impedance for 
-10 per cent, 0 per cent, and +10 per cent variation. 

In comparing the predicted variations in input impedance based on the 
two kinds of mechanism suggested (Figs. 28 - 31), first of all the similarity 
of predictions is noted. A closer evaluation of the relative merits of the 
suggested mechanisms may be based on 1) the extent to which the predicted relative, 
range of variation corresponds to the range observed; and 2) the extent to 
which the direction of predicted change corresponds to the observed J Erection. 

On the first count, the ‘volume mechanism' gives poorer results for S JR than 
the other mechanism, while both mechanisms give comparable results for S_ FP. 

On the second count, the 'volume mecnanism' seems slightly superior to the 
'lever mechanism' for both Ss. In conclusion, we may say that on the basis 
of the present data it is not possible to choose one suggested mech an ism for 
the other. It may be said, however, that if the 'lever mechanism' is to be 
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assumed, results are somewhat better if a concurrent change in moment of inertia 
of the malleo— incudal complex is assumed* Also, the fact that pressure 
differences across the eardrum are known to produce changes in acoustic 
impedance at the eardrum would indicate that the 1 lever mechanism 1 should not 
be completely ruled out. Possibly both mechanisms should be conceived of as 
operating s imul t aneous ly . 

The changes in network attenuation associated with the changes in lever 
ratio employed ( *1: /L.5 ® *1:1.22) were found to be quite small, being in the 

order of 1-3 db in the frequency range from 20 cps to 1250 cps. Corresponding 
changes in attenuation for variations in volume of air were not computed. 

Discussion and Comments 

Anatomical interpretation of each Set of parameter values 

In attempting to give an anatomical interpretation of each of the three 
sets of parameter values for the analog network arrived at earlier, we may 
limit ourselves to consider those parameters for which the permissible range 
of variation, as given in Table 2, excludes the 'normal* value given bv 
Zwislocki (column 2 of Table 2). (The following interpretations, of course, 
are subject to the limitation imposed by the fact that the validity of the 
parameter values, as indeed the validity of the analog network itself, have 
not been 'clearly established.) 

For Ss LL and FP, the only two parameters exhibiting the above condition 
are C and C . The lower capacitive value found for C would indicate that 

u c o 

the compliance of the suspension of the malleo-incudal complex for both of 
these Ss were smaller than the 'normal* compliance assumed by Zwislocki. Con— 
trarily, the higher capacitive values found for C^ would indicate a higher 
compliance than 'normal' of the annular ligaments of the oval window. 
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Since compliances, as well as resistances, of the various flexible elements of 

the middle ear may well be assumed to be subject to rather large individual 

variation, these deviating compliance values do not seem disturbing. 

More radical departures from the 'normal' pattern are found in the case 

of jS JR. in the area of the eardrum, a very small value is found for the 

compliance that represents the coupling between the malleus and that section 

of the eardrum closest to the malleus. A possible interpretation of this find- 

ing might be that this .particular eardrum is thicker, or otherwise different 

in structure, than a 'normal' eardrum; (the fact that the value of C,, , corre- 

d 2 

8 ponding to the compliance of the remainder of the eardrum, may assume values 
down to zero without significantly altering the input impedance of the net- 
work, keeps this possibility open). It is conceivable that a direct otological 
examination of the eardrum in question might supply relevant information 
concerning this interpretation. 

Of the five parameters associated with the tympanic cavities (i.e. , L , 

8 

C p* R & , and R^), two (C^ and R^) show ranges of variation that exclude 
the 'normal' values, and a third (R fl ) deviates strongly in absolute value. 

The considerably smaller value of C found for Sj JR might mean, either that 

r 

the volumes of the antrum and/or of the pneumatic cells are considerably 
smaller than normal, or that the passage from antrum to pneumatic cells is 
obstructed. This latter notion may gain support from the fact that the two 
resistances involved, R ft and R m , both take on quite high values, indicating 
the possibility of the presence of an abnormal amount of mucous secretions 
on the walla of this part of the middle ear. 

As far as the malleo-incudal complex of J3 JR is concerned, a lower value 
than 'normal* is found for the compliance of the supporting ligaments, as 
was the case for the other two JSs • Further, a large Increase of the moment of 
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inertia (i.e., rotational mass) la found* This latter fact may be attributed 
to a larger than 'normal 1 mass of the raalleo-incudal complex, ahd/or to the 
axis of rotation of this complex being displaced from a line passing through 
the center of gravity of this complex. Of these two possible causes, the latter 
may be considered the more likely. (The moment of inertia of a circular disk 
around an axis parallel to the axis of symmetry triples when this axis is displaced 
from passing through the center of gravity to passing through a point on the 
periphery of the disk.) 

The values for S, JR of the parameters associated with the remaining parts 
of the middle ear, i.e. , the incudo-stapedial joint and the cochlear complex, 
are very close to the 'normal' values. 

Absolute thresholds and temporal summation 

Zwlslockl (1965) derives a theoretical absolute threshold curve utilizing 
a number of assumptions. All of these except one were employed in the present 
study in deriving the relationship between maximum displacement amplitude of 
the cochlear partition and frequency under the limiting condition of equal- 

-t* 

loudness. The remaining assumption employed by Zwlslockl in deriving the 
absolute threshold curve is that due to temporal summation, the maximum 
displacement amplitude of the cochlear partition at threshold decreases by 
10 db/decade foi frequencies above 100 cps. Utilizing this additional assump- 
tion, the absolute thresholds for the three Ss, as given in Tables 2 - 4 in* 

Fart I of this report, were converted to relative maximum displacement 
corrected for the effect of temporal summation (omitting, as before, a correc- 
tion of -2 db/decade). These values are plotted in Fig. 32. In spite of some 

Insert Fig. 32 about here 
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rather large variations, the plotted curves may be taken m an Indication that 
absolute threshold above approximately 200 cps is in fact ? Bached at a given 
maximum displacement amplitude corrected for temporal summation* 

Inspection of the matching functions for Ss JR and FP (Figs. 23 and 25) 
reveals that these functions seem to reach their asymptotic level at a point 
practically independent of frequency for frequencies above 100 cps. For IS JR 
this point corresponds to about 70 ab SPL at 320 cps, and for IS FP to about 
50 db SPL at 320 cps. Both of these points are well below the level of onset 
of impedance changes. This observation, together with the above-mentioned 
assumption, leads to formulating the following hypothesis: Temporal summation 

decreases with Increasing displacement amplitude of the 'cochlear partition, 
and becomes Ineffective when a given maximum displacement amplitude is reached 
this amplitude being independent of frequency at least for frequencies above 
100 cps. This variation in the effect of temporal summation may either 
substitute, or it may complement, the mechanism utilizing the concept of 
'internal noise 1 in the theory of loudness due to Zwlslockl described. in 
Part I of this report. 

Resistance of analog network at low frequencies 

The curves given by Zwlslockl (1962, 1965) for the resistive component 
of the input Impedance of his analog network indicate that this component is 
roughly constant from 1500 cps and down to at least 100 cps. The circumstance 
that measurements of the acoustic Impedance at the eardrum show the resistive 
component of this Impedance to increase somewhat with decreasing frequency 
leads Zwlslockl to comment: "Empirical observations indicate that the slightly 
Increased resistance at low frequencies is probably due to an artifact in 
measurements [of acoustic impedance]" (1965, p. 42). 
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Calculations of the resistive component of the input impedance of the 
analog network, using Zwislocki's set of parameter values, however, show a 
definite Increase of this component with decreasing frequency. For our 
standard series of frequencies below 1500 cps (i.e., 1250, 800, 500, 320, 

200, 125, 80, 50, 32, and 20 cps), the following values of the. resistance was 
found: 303, 318, 302, 309, 341, 402, 485, 575, 637, and 672 ohms. Thus, the 
artifact responsible for the above-mentioned divergence may be associated 
with the technique employed by Zwlslocki for the measurement of the electrical 
impedance of his analog network, rather than with the measurements of acoustic 
impedance at the eardrum. 

Control of Volume of air In acoustic Impedance measurements 

The calculated changes in acoustic Impedance at the eardrum as a function 
of changes in the volume of air enclosed between the eardrum and the acoustic 
bridge depicted in Figs. 30 and 31 clearly illustrate the importance of an 
accurate determination of this volume, as well as the importance of maintaining 
this volume constant, for obtaining accurate (relative or absolute) measures' of 
acoustic impedance. In the case of jJ FP, the more 'normal* of the two Ss con- 
sidered, variations of reactance with varying enclosed volume of air Increases 
with decreasing frequency; at 500 cps the effect is slight, while at 50 cps 
the relative changes in reactance about equals the relative changes in 
enclosed volume. Relative changes in resistance for this £ are practi ally 
independent of frequency, amounting to about 1.5 times the relative changes in 
volume. For JR, relative changes of both reactance and resistance with 
varying enclosed volume of air are practically Independent of frequency. 
Reactance changes in about the same proportion as does the enclosed volume, 
while resistance changes at about twice the rate of this volume. 
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Table 1 
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ppe 


ohms 


ohms 


ohms 


ohms 


ohms 


ohms 


20 


-12000 


2700 


-6300 


1090 


-6200 


1050 


32 


-11000 


2300 


-4800 


880 


-4300 


880 


50 


-9100 


1600 


-3200 


780 


-3500 


780 


... 80 


-6800 


1400 


-2550 


555 


-3050 


640 


125 


-4600 


1000 


-1720 


450 


-1540 


395 


200 i. 


-3350 


820 


-1190 


330 


-1150 


360 


320 


-2300 


710 


-850 


252 


-850 


340 


500 


-1350 


. 510 


-425 


242 


-575 


338 


800 


. -415 


680 


• -215 


250 ; 


-370 


365 


1250 


- 


- 


MB 




-145 


290 



Initial levels of acoustic impedance at the eardrum (for low sound pressure 
levels) as a function of frequency, as estimated from Figs. 7-9. 
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10 
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Limiting 

contour 


Network 

att. 


Vol. vel. 
for lim. 
contour 


Limiting 

contour 


Network 
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Vol. vel. 
for lim. 
contour 


Limiting 

contour 


Network 
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db 


db 


db 


db 


db 


db 


db 
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39 
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- 


27 


- 
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25 
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32 


97 


35 


62 


- 


23 
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21.5 


mm 


50 


88 


31.5 


56.5 


90 


19.5 
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83 


18 


65 


80 


83 


28 


55 


81 


16 


65 


79 


14.5 
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125 
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24 
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59 
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11 


61.5 


2 bo 
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56 
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320 
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48 


63.5 
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59 
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57 
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52 
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45.5 
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62.5 
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19 
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17 
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9.5 
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14.5 


64.5 


5000 


53.5 


21 


32.5 


81 


11 


70 
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16.5 


43.5 



1) Positions of linear asymptotes with slope 1 for each set of matching functions 
appearing In Figs. 23 - 25 (for sound pressure levels causing no change In acoustic 
impedance at the eardrum) arbitrarily referred to 60 db SPL at 320 cps; each set of 
these values defines a corresponding 'limiting equal- loudness contour' (columns 2, 5, 
and 8) . 2) Voltage attenuations In db as a function of frequency for analog network 
for each set of parameter values (columns 3, 6, and 9; replicated from Table 4, columns 

ji ■' * * . . .. . 

4, 7, and 10) < And 3) hypothetical relative values In db for each j> of the volume 
velocity of the cochlear fluid as a function of frequency under the limiting condition 
of equal-loudness , derived as the difference between the db-value of the limiting con- 
and the network attenuation at each frequency, 
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Figure Captions 

Fig. 1. Experimental set-up for the measurement of acoustic impedance at 
the eardrum. A driver unit, suspended by strings from the ceiling, is connected 
to the Y-tube of the bridge by means of a rubber tube. The bridge is exerting 
its own weight on the ear of the jS who is resting on a cot. 

Fig. 2. Set-up for the measurement of volume enclosed between eardrum and 
acoustic bridge. With the JS positioned on a cot, the speculum is Inserted in 
his meatus, and one end of a bar, suspended at its other end, is placed in 
contact with the free end of the speculum. The length of this bar is adjusted 
so as to exert a downward force on the speculum equal to the weight of the 
acoustic bridge. The electrode of the speculum insert connects via a clip- 
lead to the bar, from the other end of which another wire leads to the 
ohmmeter set-up described in the text. 

Fig. 3. Speculum fitted with plastic collar, and insert for speculum 
moulded from resin glue. The insert is fitted with a piece of 1 mm dia. 
steel tubing, and with a piece of wire serving as an electrode. 

Fig. 4. Arrangement for determining the sound pressure level generated 
at the eardrum during measurements of acoustic impedance. The acoustic bridge 
is terminated by a variable acoustic impedance consisting of a syringe contain- 
ing various amounts of cotton. A probe microphone inserted in front of the 

i 

tip of the bridge measures the acoustic output of the bridge when a null has 
been obtained by means of the variable impedance for given settings of the 
bridge. 

Fig. 5. Acoustic impedance at the eardrum as a function of the 
sound pressure level of the stimulating tone as determined in four series of 
measurements. Parameter is chronological order of series. Data for j3 JR 
at 500 cps. 
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Fig. 6. As Fig. 5, data for S FP at 200 cps. 

Fig. 7. Average acoustic impedance at the eardrum as a function of the 
sound pressure level of the stimulating tone, with frequency of stimulating 
tone as parameter. Logarithmic ordinates are used for better separation. A 
broken line between two points indicates that , for one or both of these 
determinations, only a broad null could be obtained; this situation was 
usually encountered at the lowest sound pressure levels. Data for -S JR. 

Fig. 8. As Fig. 7, data for J3 LL. 

Fig. 9. As Fig. 7, data for jS FP. 

Fig. 10. Initial levels of acoustic impedance at the eardrum (for low 
sound pressure levels) as a function of the frequency of the stimulating tone 
for each JS. Logarithmic ordinates. 

Fig. 11. ZwislockiV (1962) impedance analogy of the middle ear. Sub- 
scripts a, p, m, and t refer to the middle-ear cavities; dj and d 2 to the ear- 
drum; and o, s, and c to the malleo-incudal complex, the incudo-stapedial 
joint, and the cochlear complex, respectively. 

Fig. 12. Mobility version of Zwislocki's analogy of the middle ear. 
Subscripts as for Fig. 11. 

Fig. 13. Mechanico-acoustical equivalent of the middle- ear cavities, 
according to Zwislocki's analogy. 

Fig. 14. Mechanical equivalent of the eardrum, according to Zwislocki’s 
analogy. See text (p. 14) for description. 

Fig. 15. Schematic representation of the elements involved in the malleo- 

incudal complex and the incudo-stapedial joint, z and z denote the rotational 

r 8 

mobilities of malleus-incus and of the incudo-stapedial joint, respectively, 
and z tt and denote the mobilities of the tensor tympani and of the top of 
stapes, respectively. 
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Fig. 1$. Mechanical equivalent of the system depicted in Fig. 15. Rota- 
tional movements have been converted to translational movements, and the 
mobilities of tensor tympani and of malleus-incus have been combined to a 
single mobility with the components M q , r Q , and C o * 

Fig. 17. Mechanical equivalent of stapedialTload. C^, r^, ;and Cj^, f 



aw 



aw' 



r ow re P re8 ^ nt the component mobilities of the anterior and the posterior end. 



respectively, of the angular ligaments of the oval window. C and r denote 

F 1*tl 



rw 



the component mobilities of the round window, M and M denote the masses of 

s p 

stapes and the column of perilymph, respectively* and r denotes the (resistive) 

c 

mobility of cochlea. 

Fig. 18. (a) Complete electrical analogy of the mechanical system of 

Fig. 17, with corresponding subscripts, (b) Reduced electrical analogy of 
the mechanical system of Fig. 17. Compliances and resistances of anterior 
and posterior ends of annular ligaments have been combined, and the masses 
of stapes and the column of perilymph have been combined to a single mass, K * 
Fig. 19. Resistance vs. reactance with frequency as parameter for observed 
and for calculated impedances. Points representing observed and calculated 
impedances, respectively, for a given frequency are joined by a broken line. 
Logarithmic coordinates. Data for £ jit. 

Fig. 20. As Fig. 19, d^ta for S, LL. 

Fig. 21. As Fig. 19, data for S, FP. 

Fig. 2f. Voltage attenuation (l.e., ratio of input voltage to voltage 

y 

across R q ) of analog network as a function of frequency, for each set of 
parameter values . 

Fig. 23. Average loudness matches plotted relative to the matches for 
320 cps. (Points within a circle indicate 'threshold matches l ' ) From this 
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graph, the position of a linear asymptote with slope 1 is estimated for each match- 
ing function utilizing only matches at sound pressure levels causing no change of 
acoustic impedance at the eardrum. Data for S, JR, from Table 2 in Part I of this report. 

Fig. 24. As Fig. 23, data for S, LL, from Table 3 in Part I of this 
report. 

Fig. 25. As Fig. 23, data for S. FP, from Table 4 in Part I of this report. 

Fig. 26. Limiting equal- loudness contours for each jS, i.e., any equal- 
loudness contour that supposedly would be obtained at higher and high sound 
intensifies if changes in transfer characteristic of the middle ear did not 
occur. Based on estimates of linear asymptote with slope 1 for the matching 
functions for each JS as given in Figs. 23-25. 

Fig. 27. Hypothetical relative volume velocity in db of cochlear fluid 
for each S as a function of frequency under the limiting condition of equal- 
loudness. By subtracting 2 db /decade from the plotted values , the plotted.., ^ 

curves may be taken to represent relative values (in db) of the maximum 
displacement amplitude of the cochlear partition under the same condition 
(for frequencies above 100 cps). Vertical lines connect points representing 
the maximum and minimum values corresponding to isolated variation of individual 
parameter values according to Table 2 0 Plotted points for S. FP have been | 

displaced by 10 db for better separation. I 

Fig. 28. Average initial acoustic impedance for each series of determina- 
tions plotted as resistance vs. reactance, with frequency as parameter 
(individual points) • Dots connected by full lines represent the input impedance 
of the analog network when the relative lever-ratio of the malleo-incudal 
complex assumes values of ^.67, 1, and A. 5, with arrows indicating the direction 
of impedance change for increasing values of this lever-ratio. Dots connected , 
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by broken lines represent the input impedance of the analog network when changes 
in lever— ratio of the malleo— incudal complex are assumed to be accompanied by 
changes in the rotational mass of this complex. Logarithmic coordinates. Data 
for S, JR. 

Fig. 29. As Fig. 28, data for S, FP. 

Fig. 30. Average Initial acoustic impedance for each series of determina- 
tions plotted as resistance vs. reactance, with frequency as parameter (indl*- 
vidual points). Dots connected by lines represent the input impedance of the 
analog network when the capacitance representing the volume of air enclosed 
between eardrum and acoustic bridge is changed by amounts of -10 per cent, 

0 per cent, and + 10 per cent relative to its average measured value. Arrows 
on these lines indicate direction of impedance change for increasing volumes 
of air. Logarithmic coordinates. Data for jS JR. 

Fig. 31. Ab Fig. 30, data for S FP. 

Fig. 32. Hypothetical relative volume velocity in db plus 10 db /decade 
at absolute threshold as a function of frequency, for each of three Ss. Above 
100 cps, these values may be taken to represent relative values (in db) of 
maximum displacement amplitude of cochlear partition at absolute threshold. 
(Correction of -2 db/decade omitted, see text.) 
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Abstract 

A series of four cartoon~type slides were presented to 54 
Ss for serial recall. The passive construction was used more 
often to describe events in which the object had been the actor in 
the preceding slide than when the actor had been the preceding ob- 
ject. Stimulus repetition was identified as a variable effecting 
an increase in verbal response strength. If a word at high response 
strength tends to be emitted early, there is a corresponding change 
in the probabilities of using alternative grammatical frames. Actor- 
object animacy was tentatively identified as a semantic attribute 
related to differences in the occurrence of the passive transformation. 

The grammatical form which an utterance takes has been related to the learn- 
ing and recall of information (Miller, 1962; Mehler, 1963; Gough 1965). Miller 
has gone so far as to suggest that investigation of sentence structure is research 
into the operation of the human mind, a term which has long been absent from the 
vocabulary of the psychologist. 

The preceding studies raise questions about the nature of the stimulus con- 
ditions which determine the structure of sentences. For example, active and 
passive sentences convey the same denotative meaning but a different connotative 
meaning (Johnson, in press) . Are the conditions specifiable which alter the 
probability that an utterance will be active or passive? The present investigation 
seeks to clarify the relationship between stimulus conditions and sentence produc- 
tion. 



It has been found that sentences that have initial nouns at high response 
strength are learned more quickly than sentences that have terminal nouns at 
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high response strength (Prentice, in press). Inference from these findings suggests that 
sentences in natural language will tend to start with a noun which is at high res- 
ponse strength. If the initial noun used is the receiver of some action, then 
the sentence form used to complete the utterance is likely to be in the passive 
form, e,g., "The boy was hit by the car." If the boy is the significant unit 
(i.e., at high response strength), then the sentence is passive. Conversely, if 
the car were the Jiore important item, the above action would be described in the 
active sentence form. 

Til* present study begins with a learning task in which the IS is required to 
recall the happenings in a sequence of cartoon pictures. In Table 1 are displayed 
two sequences for illustration. 



Insert Table 1 about here 

Note that in each sequence there is an item common to each pair of pictures. 
The girl in the first two pictures, the ball in the next two, etc. In other words, 
there is a chaining of these separate happenings by the inclusion of one common 
item in each pair of pictures. If a subject were asked to recall the above se- 
quences, a likely strategy would Involve the use of the common item in each pair 
to aid in recall. In other words, the common item would tend to have higher 
response strength and therefore is predicted to occur first in recall and to 
influence the sentence form used. 

In the "Active Probable" Sequence (Sequence A) , the chaining involves the 
object in one picture becoming the actor in the succeeding picture. Therefore, 
it is predicted that for picture 2, Sequence A, the response will *be "The girl 
kicked the ball/' while in Sequence P it will be "The girl was kicked by the boy," 

Another factor which can be related to sentence form is the animacy of the 
actor and/or object. Clark (1965) found that, when £s were asked to complete 
active and passive sentence frames, the receiver of the action was more likely 

o 
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to be animate In passive frames (object of action used as sentence subject) 
than in active frames (object of action used as sentence object). In both active 
and passive frames, however, animacy resides moat often with the intiator of the 
action. Similarly, Johnson (in press) found that Ss rated passive actors more 
animate than passive objects,* although these ratings were more neutral in passive 
sentences than the corresponding positions in active sentences. In both studies, 
the Ste were required to deal with prescribed frames. 

The present study seeks to clarify the relationship between stimulus conditions 
and the production of active and passive sentences. It is hypothesised that the 
manipulation of the response strength of nouns by the chaining procedure described 
above will Influence the production of active and passive sentences. 

Method 

Materials 

Two sets of four-colored cartoon slides were prepared: boy kicking girl, 

girl kicking ball, ball hitting pot, pot hitting boy (Set 1); and girl kicking boy, 
boy kicking pot, pot hitting ball, ball hitting girl (Set 2). Note that Set 2 
is merely Set 1 with actor and object reversed. 

In the sequence designed to elicit passives (Sequence P) the actor 
of one picture was the object in the succeeding picture. Conversely, in the se- 
quence designed to elicit actives (Sequence A) the object of one picture was the 
actor in the next picture. (See Table 1). 

Procedure 

Sets 1 and 2 were presented alternately to each S, . Within each set the order 
of picturd presentation was fixed by* experimental condition (Sequence A or P), i.e., 
order is an independent variable. The first picture in each set was varied, 
however. Every picture .was used once as the starting picture In a sequence. The 
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order of use of the first picture was randomly determined. Three different order- 
ings of starting points were derived (starting-point orders 1, 2, and 3). Table 
2 displays the arrangement of Sequence A or P conditions by starting point orders. 

Insert Table 2 about here 

Ss were assigned randomly in blocks of six to starting point order (1, 2, or 3) 
and sequence conditions (A or P) in order of their appearance in the laboratory. 
Slides were shown at a 5-sec. rate on a Kodak Carousel projector. The projector 
was stopped at the end of each series of four slides, and each S, was required to 
recall the slides in order. Responses were recorded by hand. Each sequence of four 
pictures was presented and recalled twice in succession. Thus, there were eight 
recall opportunities for a set of pictures when first presented. The second 
presentation of the same set (with a different starting point) gave eight more 
opportunities for response. With four pictures in a set (and hence four starting 
points) there were 32 recall opportunities for each set. Sets 1 and 2 were 
presented alternately, so with 32 response opportunities for each set, there were 
a total of 64 recall opportunities distributed equally across eight slides . 

Subjects 

The 54 Ss were University of California (Berkeley) undergraduates who were 
native speakers of English. They were paid for participating in the experiment. 

Results and Discussion 

The dependent variable in this study was the number of passive sentences 
contributed by each JS. The summary statistic for group comparison was computed 
by dividing the total number of passives produced by the number of Ss in that 
condition, A or P. The average number of passive constructions per S, in Sequences 
A and P was .74 and 4.81, respectively. * In the former condition only eight Ss 
emitted passives, while in the latter 16 gave this construction. 
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It was hypothesised earlier that the name of an Item that appeared In both 
of two pictures would tend to be greater In response strength, to occur first 
in recall, and therefore, to influence the sentence form used in describing 
the pictures during recall. 

Confirmation of this repetition hypothesis is dependent on an analysis of 
pairs of consecutively correct recalls. The Ss who received Sequence P gave 
reliably more passives as second correct responses than did Sequence A Ss (Mann- 
Waitney U test, z - 3.22, j> < .01). Half the sequence P Sjb, but only one Sequence 
A i, used the passive construction in a second consecutively-correct response. 

The respective means were 3.04 and .15 passives. Sequence P Ss made more errors 
than did Sequence A j5s, so the larger number of passives cannot be attributed 
to a greater opportunity for Sequence P Ss to meet scoring standards. 

The passive construction was used more frequently in recall when the object 

* 

was repeated than when the actor was repeated. The stimulus materials were different 
only in order of presentation. Repetition of an item (actor or object) in a 
sequence of events is thus identified as a variable which changes the probability 
that a passive sentence will be generated. It can be inferred that stimulus 
repetition increases the strength of the verbal response to that stimulus, and that 
a verbal response at high strength tends to be emitted early in a communication. 
Whether changes in verbal response strength, and concomitant probabilistic changes 
in selection of grammatical form, obtain at the time of observation (input and 
storage) , or during recall (retrieval) , is not answered in this study. 

Table 3 lists the frequencies with which the various combinations of animate 
and inanimate actors and objects elicited the passive construction. The event 
most frequently eliciting the passive involved an animate object (boy or girl) 



Insert Table 3 about here 





and an Inanimate actor (pot or ball) . An animate actor rarely occurred at the 
end of a sentence. Since only two slides were used in each of the possible 
animate-inanimate combinations, generalisation of the results to the populations 
of events represented by the slides is premature. Nonetheless, the large dis- 
crepancies in the number of passives used to describe different events, which 
were alternatively described by the active construction, indicate that the use 
of a transform may vary along semantic and/or psychological dimensions. 
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Table 1 



Picture 



1 

2 

3 

4 



Set 1 of Cartoon Pictures Used 
to Elicit Active and Passive 

Active Probable . Sequence 
Sequence A 

Boy kicking girl 
Girl kicking ball 

0 * |( 

Ball hitting pot 
Pot hitting boy 
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as Stimuli 

A 

Sentences 

Passive Probable Sequence 
Sequence P 

Girl kicking ball 
Boy kicking girl 
Pot hitting boy 
Ball hitting pot 



Starting Point Orders 
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Table 2 

* ♦ - * . ; 

Subject Assignment to Sequence Conditions A and P 

by Three Starting Point Orders 
Sequence 



Set 1 

e _ . 0 Presented alternately 
Set 2 N-9 


Set 1 

Set 2 Presente<1 alternately 


N=18 


Set 1 

- . 0 Presented alternately 
Set 2 N-9 


s . 2 Presented alternately 
* N-9 | 


N-18 


Set X 

- 0 Presented alternately 

Set 2 N-9 


e _ . 0 Presented alternately 
Set 2 N-9 


N-18 



Totals 



N-27 



N-27 



N-27 
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Table 3 



♦ 

Distribution of Passive Sentences Among Animate 
And Inanimate Actors and Objects in Serial 
Recall of Visual Stimuli 



Object 




Frequency 


Per cent 


Frequency 


Per cent 




(traditional 

"subject") 


Actor' 


Correct 
< Passives 


Correct 

Passives 


Total 

Passives 


Total 

Passives 




Animate 


Animate 


1 


.8 


1 


.7 




Animate 


Inanimate 


109 


83.8 


125 


83.3 


* 

i 


Inanimate 


Animate 


0 


0 


0 


0 


\ 

\ 

\ 


Inanimate 


Inanimate 


20 


15.4 


24 


16.0 









i mmm 



trairtiMMli i ihm utiirtiiMaii 



mmm mmmmmm 






■urn 



mwr* 



\ 





VI Vi.,. 



A Comparison of the Psycholinguistic Functioning of 
"Educationally-Deprived** and "Educationally-Advantaged Children 
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A Comparison of the Psycholinguistlc Functioning of 

"Educationally-Deprived" and "Educationally-Advantaged" Children 

Loren S. Barritt, Melvyn I. Seramel, and Paul D. Weener 
Center for Research on Language and Language Behavior 

Abstract 

A comparison was made of the scores on the Illinois Test of Psychos 
linguistic Ability obtained by three groups of kindergarten and first- 
grade children# Two of these groups were chosen from a. "disadvantaged" 
environment while the third group came from an "advantaged" setting. 

Analysis of profile similarities reveals the greatest concordance 
between groups on sub tests requiring sequential habits. The largest 
discrepancies are on the "analogues," "vocabulary," and "grammar" sub- 
tests. Several explanations for these findings are discussed. 

This study compares the language functioning of children who were predicted 

to differ it their language habits* It was the purpose of the present study to 

delineate the qualitative differences in the language abilities of the groups 

examined. 

This report is part of a larger study, still in progress, which consists 
of an examination of the changes in language patterns of predominantly Negro 
children after one year in an "integrated" school. This larger study follows a 
traditional pre- post- test design. The present report deals only with a part 
of the pre-test phase. 

The schools under investigation are in a suburban Midwestern community of 
60,000 people. The ongoing nature of the program of integration makes it de- 
sirable to treat this community anonymously in the present report. The median 
income of this commwtfty is $7,550. Approximately five per cent* of the population 
are Negro and 94 per cent Caucasian. 

This community, which we shall hereafter call Center City, was faced with 
the problem of de facto segregation in one of its schools. The Unity School in 
Center City was declared a ^e facto segregated school because approximately 70 
per cent of its population were Negroes, while less than five per cent of Center 
City were members of this race. Segregation was to be abolished by transferring 
the Unity School children to predominantly white schools in the Center City 
system. This was the decision of the School Board. 
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The questions raised by the desegregation procedure were manifold. The 
opportunity to research them was clear. However, it was also clear that 
research questions would have to be subordinated to the welfare of the children 
involved. The community would tolerate no segregated control group to act as a 
comparison for its integrated experimental group. With this limitation in mind 
the opportunity to learn from this situation still seemed clear. 

It was the purpose of this study to compare the level of linguistic func- 
tioning of children in the kindergarten and first grade at a de facto segrega- 
ted school with children at other schools in the Center City system. Those 
children who were attending a segregated school in the lower income area of 

Center City were designated "disadvantaged." These children were predominantly 
Negro. 

A group of predominantly white children living in the suburban areas of 
Center City were identified as "advantaged" by virtue of the higher income 
level of the area from which they came. 



Method 

Sample. The sample in the present study included the children from three 
different school populations. Table 1 contains a comparison of the three groups. 
All of the kindergarten and first grade children attending the Unity School in 
Center City were included. The Unity School is located in the "ghetto" in Cen- 
ter City where a majority of the Negroes live. The children in this school were 

mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm 9m mmwmm 

Insert Table 1 about here 

scheduled to be integrated by being bussed to other schools in the Center City 
school system. These children are defined as being disadvantaged by virtue of 

their segregated school and the lower socio-economic status of the area from 
which they come. 



Th* second sample of children was selected from the Diversity School, This 
school has children from an area which holders the area of the Unity School. 
Approximately 50% of the children at the Diversity School are Negro. Xt is 
possible that in the future Diversity School will be labeled a de facto segre— 
gated school and its children also dispersed throughout the Center City system. 
The sample of children for this study chosen from Diversity School were all 
attending the kindergarten and first grade. Since there were more children in 
the kindergarten and first grade in Diversity School than there were in Unity 
School, it was necessary to select a random sample from among these children 
at diversity School. One restriction was placed on the selection: the child- 

ren were chosen randomly from the "ghetto" that borders Diversity School. That 
is, no children were selected for this sample if they lived outside of the 
Center City ghetto." It was hoped that by this sampling it would be possible 
to select children who would be like those at Unity School. The Diversity 
School would represent a "control" group for the Unity School children, since 
the Diversity School children would remain in their own neighborhoods attend- 
ing a local school, while the Unity School children were being bused away from 
their local neighborhoods. 

The third sample of children was chosen from the public schools which were 
scheduled to receive children from the Unity School. The children of the re- 
ceiver schools also attend de facto segregated schools since less than 3% of 
the population of these schools is Negro. However, in this case the segrega- 
tion is voluntary, since it is possible for white children to live in the 
"ghetto", while their Negro counterparts are denied the mobility (for economic 
and social reasons) of living outside the "ghetto." Most of the receiver 
schools lie in the suburban areas • Four schools scheduled to receive Unity 
School children were chosen, and then a random selection of kindergarten and 
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first grade children was made from these schools. 

Instruments. The Illinois Test of Psycholinguistic Ability (ITPA) was used 
to assess the language functioning of the children in this study. This test, 
developed by Kirk and McCarthy of the Institute for Research on Exceptional 
Children at the University of Illinois (Kirk & McCarthy, 1961), is appropri- 
ate for use with children from 2-1/2 to 9 years old. It contains nine subtests. 
A listing of the subtests and description of the tasks involved in each is con- 
tained in Table 2. 

WMMMMMWWtateMltaWMWMNIMMMMWIIIMW 

Insert Table 2 about here 

(MMMWMMMMlliMMMIMMWIIMMMIMMMaiMlWlli 

The ITPA is an unusual test for several reasons. First, it is the only 
test currently available which has as its goal the comprehensive assessment of 
psycholinguistic functioning. Second, it is unusual because it was standardized 
on "normal" children only. These children were all Caucasians with IQs between 
80 and 120, living in Decatur, Illinois. This "normal" sample is unusual in 
that the test was developed by special educators and is intended for use with 
"deviant" populations as a means of assessing their deviations from normality. 
The test intends that comparison be made with the "normal" group. A fuller 
discussion of the test and its standardization, along with critical comment, 
is available (Weener, Barritt, Semmel, 1965). 

Administration. The ITPA is an individually administered test which is 
designed to tye given only by trained examiners. In the present case graduate 
students at the University of Michigan were trained in the administration of 
the test during a two-week period in evening sessions. Consultants from the 
University of Illinois were employed to aid in this training procedure. Each 
child in the three samples was tested individually in the public school by a 
trained examiner during a two-week period from April 15 to May 1. In other 

o 
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words, these children were tested during the last month of school at the end 
of either kindergarten or first grade. 

Results and Discussion 

The three samples were combined to compute the inte ^.'relations for the 
ninn subscales of the ITPA. An examination of Table 3 indicates that three 
subscales intercorrelate very highly with one another. The Auditory-Vocal 

Insert Table 3 about here 

Association Test correlates .62 with the Auditory- Vocal Automatic. The Audi- 
tory-Vocal Automatic correlates .50 with the Auditory-Decoding. The Auditory- 
Decoding correlates .54 with the Auditory-Vocal Association. In other words, 
the "controlled vocabulary" test in which a child is asked to answer yes or no 
after being read a sentence, the "analogies test" in which a child responds 
with the correct word to an analogy, and the "grammar test" in which an in- 
flectional ending is required, are the three subtests which ititercorrelate. 
most highly with one another. 

Table 4 is a comparison of the three school samples on the nine subscales 
and total score of the ITPA. These arc standard scores from norms presented 
in the ITPA manual. It is interesting to note that the largest significant F 
values between the three groups occurs on the Auditory- Decoding, Auditory-Vocal 
Automatic, and Auditory-Vocal Association tests. In other words, the same 
three tests which intercorrelate most highly with one another are the three 
tests which draw the lines of distinction most clearly between the three groups. 

' Insert Table 4 about* here 

On six of the nine subscales there are significant differences among groups. 
On only two subscales are there significant differences between the Unity School 
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and the Diversity School groups. The two subscales which distinguish the Unity 
School and the Diversity School children are the "vocabulary" and "grammar" 
test, respectively, Auditory-Decoding and Auditory- Vocal Automatic. 

An examination of the mean scores in Table 4 shows that the Unity School 
group scores at the mean on only one sub test, that being the Auditory-Vocal 
Sequencing. This test is very similar to the Digit Repetition Test on the 
Stanford-Binet, differing from that test only in the rate of digit presentation. 

The three groups do not differ on the Visual-Motor Sequencing Test (requir- 
ing the reproduction of a series of geometric forms), the Auditory-Vocal 
Sequencing (digit repetition) , and the Vocal-Encoding Subtest (description of 
an object). It should be noted that two of these tests are sequential tasks. 

One interesting observation which can be made from the present study con- 
cerns the performance of the Unity and Diversity School children on tasks 
requiring sequential habits. The norming group on which these standard scores 
are based were not disadvantaged children in any sense of the word. The Unity 
and Diversity school children are not different from the normal sample on se- 
quential tasks . This finding can be related to a study done with retarded and 
normal children (Semmel, Barritt, Bennett, Perfetti, 1965). A comparison was 
made of the word- association responses of retarded and normal children. It 
was found that normal children gave more responses of the same form class as 
the stimulus words than did retarded subjects matched for age. The retarded 
subjects of lower intelligence tended to give more responses to word~associa- 
tion stimuli which could occur sequentially in a sentence. It would appear 
that strong syntactic habits are characteristic of higher-level functioning 
and that sequential language habits are characteristic of more primitive 
levels of language ability. The relationship between the findings of these 
studies can only be suggested from the present data. A future study will be 
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necessary in order to examine the relationships between the sequential sub- 
scales of the XTPA and sequential responses on a word-association task For 
the present it seems reasonable to explain the lack of difference between 
advantaged and disadvantaged groups on this type of task as being related to 
developmental phenomena. . 

The third test which did not produce differences between groups was the 
Vo cal- Encoding subtest. The task on this test involves the description of a 
simple object. It should be noted that most responses to this subscale at 
early age-levels consist of labeling words and simple sentences about the 
function of the object. Children usually develop facility with nouns earlier 
than they do with other form classes of words (Templin, 1957). Tasks which 
require simple labeling responses do not usually distinguish well between dif- 
ferent stages of language development. Again the lack of discrepancy is con- 
sistent with our knowledge of developmental patterns. 

Figure 1 contains a profile of the three school samples, illustrating the 
discrepancies and convergence of scores on the ITPA. 

Insert Figure 1 about here 

At least two hypotheses can be suggested for the lack of difference between 
the groups on sequential tasks. One hypothesis might be called the Interfer- 
ence Hypothesis, and it would go something like this. Since the "educationally- 
deprived" children have not developed the higher level facility with their lan- 
guage, they are relatively free from hypotheses about learning tasks presented 
to them. In the case of the present ITPA subscales these children are asked 

8 imply to memorize a meaningless series of either objects or numbers. It can 

/ 

be suggested that the JS.8 do not attempt to impose any structure on this task; 
rether, they simply get at the business of remembering in rather rote fashion 






can. 
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what has taken place, and then attempt to reproduce It as best they 
Children with more sophisticated language habits attempt to impose a structure 
on this situation in much the same way that they impose structure on meaning- 
ful tasks. When faced with a task that is essentially meaningless, their "set" 
to impose structure interferes with learning. 

An alternative hypothesis can be called the No-Difference Hypothesis. This 
alternative would explain the homogeneity of performance on sequential tasks as 
a function of their culture-free nature. In other words, performance on se- 
quential subtests is dependent on the relatively fixed capacity of a subject's 
short-term memory, while performance on other subtests requires the ability to 
"structure" learning which is relatively more dependent upon experience. 

It seems to the authors of* the present study that the No-Difference Hypoth- 
esis explains the present findings better than the Interference Hypothesis. 
Although the role of interference in the repetition of a series of digits seems 
a reasonable explanation, the attempt to impose structure on a series of geo- 
metric shapesdoesno t . 

The present study, then, finds that three of the ITPA sub tests distinguish 
the language functioning of "advantaged" and "disadvantaged" children. They 
are most different on a vocabulary task, an analogies task, and a task which 
measures what appear to be grammatical habits. There are no differences be* 
tween the groups on tasks which require sequential habits. 
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Table 1 

Sex, Race, and Grade Distribution in 
Center City Public School Samples 





Sex- 


Race 


Grade 


Group 


M 


P 


W 


N 


K 


i 


Unity 


34 


30 


11 


53 


32 


32 


Diversity 


35 

- > 


30 


32 


42 _ 


31 


34 


(Receivers) 


31 


V- 


57 


' 5 


30 


32 





Table 2 



Description of ITPA Subtests 



Auditory Decoding— - ‘Vocabulary test requiring only "yes” or "no" 
answer, e.g., Do females slumber? 

Visual Decoding- Matching a stimulus picture to its perceptual 
counterpart, e.g., Office table and coffee table. 

Auditory Vocal Association — A verbal analogies test, e.g.. Soup 
is hot. Ice cream is . 

Auditory Vocal Automatic— -Correct grammatical form must be pro- 
vided in sentences, e.g., Here is an apple. There are two 



Auditory Vocal Seauencin^f -Digit repetition as in Binet. 

Visual Motor Association— Relate pictures on some conceptual 
basis, e.g., Sock with shoe. 

Visual— Motor Sequencing— Sequence of geometric shapes must be 
reproduced from memory. 

Motor Encoding— Expressing one's ideas in terms of meaningful 
gesture, e.g., "Show me what you should do with this." 
(hammer) 

Vocal Encoding— Describe a simple object verbally, e.g., Block, 
nail. 
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Table 3 



Intercorrelation Matrix for ITPA Sub tests 



Aud.- 






Aud.- 


Vis. 




Aud.- 


Vis. 




Voc. 


Vis. 


Mot. 


Voc. 


Mot. 


Voc. 


Voc. 


Mot. 


Aud. 


Auto. 


Dec. 


Enc. 


Assn. 


Seq. 


Enc. 


Seq. 


Assn. 


Dec. 



Aud,- 

Voci 

Auto. 



Vis. 

Dec. 26 



Mot. 

Enc. 28 38 



Aud.- 

Voc. 

Assn. 62 45 39 

Vis.- 

Mot. 

Seq. 20 22 24 35 

Voc. 

Enc. 28 32 38 38 14 



C Aud.- 
Voc. 

Seq. 23 06 13 37 15 21 



Vis.- 

Mot . 

Assn. 22 26 16 31 11 33 10 



Aud. , 

Dec. 50 24 32 54 14 21 25 32 
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’ Table 4 

Comparison of ITPA Mean Standard Scores for 
Three School Samples 



Subscale 


Group^ 


Group2 


Groups 


F 


Signlflcaht 
' Differences 


Aud.-Voc. Auto. 


-.60 


-.06 


.17 


9.00** 


1,2* 

1.3** 


Vis, Dec. 


— • 26 


-.12 


.19 


3.44* 


1,3* 


Motor Enc. 


-.71 


-.37 


-.24 


4.49* 


1,3** 


Aud.-Voc. Assoc. 


-.43 


-.09 


.44 


8.94** 


1,3** 

2,3* 


Vis. -Mot. Seq. 


i 

• 

to 

00 


-.41 


-.17 


.96 




Voc. Enc. 


-.14 


-.38 


-.15 


1.08 




Aud • —Voc • Seq • 


.04 


.24 


.34 


1.29 




Vis. Mot. Assoc • 


-.13 


i 

• 

tO 

vo 


.20 


3.73* 


2,3* 


Aud. Dec. 


-.44 


.10 


.53 


10.96** 


1,2* 

1,3** 


Total Score 


-.53 


-.31 


.21 


6.19** 


1,3** 

2,3* 



Group 1 * Unity School 
Group 2 » Diversity School 
Group 3 *» Receiver Schools 
* Sig * .05 
** Sig $ .01 
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Figure Caption 

Fig* 1* A profile analysis of the three echool samples, illustrating 
the discrepancies and convergence of scores on the ITPA. Note that the 
profiles for the Diversity School and the Receiver School are parallel. The 

profile for the Unity School crosses the profile of the Diversity School on 

* . 

the vocal encoding and the visual-motor sequencing* 












Receiver Schools (3) 
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Developmental Psycholinguistics * 

* * * * ‘ * " *%- * 1 1 

David McNeill 

, , ‘ ... v - .. „> f , 

Abstract 

The aim of this review of recent empirical work on the acquisi- 
tion of syntax by children is to examine the intersection of this 
acquisition with linguistic theory, and then to develop a theory of 
language acquisition that will be both consistent with linguistic 
theory and cover the facts of acquisition insofar as they are now 
known. Among the topics considered are: the nature of early speech , 
the form of early grammars, the role of linguistic universals, the 
possibility of an inborn capacity for language acquisition, the 
development of transformations, the interaction of parental 3 peecn 
and children’s capacity for language, and the difference between 
comprehension and production. Throughout, the explanatory problem 
is taken to be the rapid acquisition of abstract linguistic structure. 



Major developments have been taking place recently in the scientific study 
of language. The present paper is concerned with two of them: the formulation 
of linguistic theory, and empirical studies of language acquisition. Linguistic 
theory and studies of language acquisition have existed side by side, occasion- 
ally influencing each other, but in the main the two bodies of work have evolved 

** t> 

separately. The intention of the present paper is to examine their intersection 
in an effort to interpret the empirical studies in the light of linguistic 
theory. The aim is to develop a theory of language acquisition that will be 
consistent with linguistic theory and will cover the Tacts of acquisition as 
they are now known. 

The fundamental problem to which we address ourselves is the simple fact 
that language acquisition occurs in a surprisingly short time. Grammatical 
speech does not begin before 1.5 years of age; yet, as far as we can tell, the 
basic process is complete by 3.5 years. Thus, ^a basis for the rich and in- 
tricate competence of adult grammar must emerge in the short span of 24 months. 
To appreciate this achievement, we need only compare the child with himself in 
other departments of cognitive growth, as outlined, say» in the work of Piaget. 
Add to rapid acquisition the further fact that what is acquired is knowledge of 
abstract linguistic structure, and the problem of accounting for language 
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development can be seen to pose unusual difficulties for our collection of expla- 
natory devices. The implications of the very rapid growth of grammatical compe- 
tence will become apparent in the following pages. 

The past half-dozen years have seen a great change in the study of child lan- 
guage. In former years , attention was concentrated on surveys. of vocabulary ,j 
frequency-counts of the various grammatical classes, and case histories of the 
gradual elimination of errors in speaking. The basic assumption appears to have 
been that child language was adult language, filtered through a great deal of 
cognitive noise and impoverished of vocabulary. The scholar supposed that he knew 
the child's grammar in advance, and that it was reasonable to use the categories 
of adult grammar to describe child language. The change from this point of view 
has been simple but fundamental, and mainly methodological. Recent studies look 
upon the young child as the fluent speaker of an exotic language. The psycho- 
linguist's problem, therefore, is analogous to the problem faced by a field lin- 
guist. Both the student of Urdu, say, and the student of child language want to 
characterize a speaker's grammar, and neither supposes he will profit much by 
imposing the grammar of well-formed English onto the corpus. ; 

Most of the recent studies have been observational and longitudinal. Typi- 
cally, a small sample of children is visited, roughly at monthly intervals, during 
the period of rapid linguistic growth. Usually, everything is tape-recorded' in 
order to obtain a complete record of all speech to and from the child. With the 
evidence of these records the psycholinguist tries to write a grammar which 
accounts for what the child was overheard saying; this grammar is the principal 
object of interest, and changes in successive grammars are the way of picturing 
growth. For a good account of the technique of writing such grammars, see Brown 
and Fraser (1964). So far, the bulk of this new work has come from three sources: 
Brown and his colleagues at Harvard, (Brown and Fraser, 1964; Brown, Fraser and 
Bellugi, 1964; Brown and Bellugi, 1964); Ervin and Miller at the University of 
California at Berkeley (Ervin, 1964; Miller and Ervin, 1964); and Bralne at 
'alter Reed Army Hospital (Bralne, 1963). 
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Before describing their work, however, something must be said on the 
relation between linguistic competence and linguistic performance. These 
differ profoundly,, although the difference is often overlooked. Our concern 
in the study of language acquistion is with the development of competence; 
only after we have understood this to some degree can we hope to understand 
performance. Consider first the general distinction. Competence is an 
abstraction away from performance; it represents the knowledge a native 
speaker of a language must have in order to understand or produce any of 
the infinitely many grammatical sentences of his language; it represents a 
native speaker* s linguistic intuitions — his realization that the man hit 
the ball is grammatical but the man virtued the ball is not. A grammar is 
a representation of competence; it is a characterization, therefore, of 
linguistic knowledge. 

Performance, on the other hand, is the expression of competence in 
talking or listening. One is competent to deal with an infinite number of 
grammatical sentences; but one's performance may be distracted in various 
ways. Performance operates under constraints of memory, which is finite, 
and time, which must be kept up with. Such limitations are irrelevant to 
competence. We know that one's competence can include grammatical con- 
structions too long or complicated to be remembered, as evidenced by the 
fact that one can understand longer written than spoken sentences. And 
we know that competence includes ...sentences spoken too fast to be grasped, 
as evidenced by the fact that repetition of a sentence can lead to compre- 
hension. 

The same distinction between competence and performance must be honored 
in the case of child language. We want, first of all, to account for the 
emergence of linguistic competence itself, something we shall not accomplish 
by confusing competence with performance. In addition, we are interested in 
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eventually accounting for a child* s linguistic performance, and this, too, 
requires that we rigorously maintain the performance-competence distinction. 
It is possible to describe performance without explaining it, but if we wish 
to explain performance we must show how it derives from competence, that is, 
how the regularities in a child's grammatical knowledge produce regularities 
in his overt linguistic behavior. Nothing short of this will suffice. 

There are, of course, serious difficulties that face an effort to 
discover the linguistic competence of children. The basic trouble is a 
severe constraint on the kinds of available data. A linguist devising a 
grammar for adult English has access to many sources of information. In 
particular, he can consult his own grammatical intuitions and obtain reports 
from other adults about theirs. In this way, a linguist can easily discover 
that Adam was naughty and Adam was hit , for example, have quite different 
structures. The situation for the grammarian of child language is far less 
convenient. We would also like to obtain grammatical judgments from children 
as these would tap their linguistic intuitions if such exist; but, usually, 
this is impossible, for a reason that can be seen in the following dialogue 
(Brown and Bellugi, 1964): 

Interviewer : "Now Adam, listen to what I say. Tell me which is 

better . . . some water or a water . " 

Adam : "Pop go weasel." 

The two-year-old child is recalcitrant and we cannot expect to obtain 
grammatical judgments from him. Lacking such judgments, however, we must 
write grammars on a child's observed speech. This makes grammar-writing for 
children difficult, though not impossible. As we shall see shortly, a good 
deal has been learned about the process of language acquisition through even 
these limited means. 
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Early Speech 

Sometime between 18 and 24 months, most children begin to form simple 
two- and three-word sentences . Because our evidence is limited to what a child 
says» this is the earliest point at which we can study grammar. Before that 
time, roughly from the first birthday, children utter single words, but they 
produce none of the patterned speech from which a grammatical account is 
written. 

What are the characteristics at these first sentences? They are greatly 
cut down, as the following examples show (taken from Brown* e records): 

Two boot 
A gas here 
Hear tractor 
See truck mommy 
There go one 
Put truck window 
Adam make tower 

Brown and Fraser (1963) have called this kind of speech "telegraphic". The 
name is apt, since one feature of these sentences is that they are reduced 
in almost the same way that adults reduce sentences for telegraphic trans- 
mission. In both cases, articles, prepositions, and auxiliary verbs are 
likely to be omitted. In these examples, we find an article missing from 
hear tractor , an article and preposition missing from put truck window , 
and an auxiliary verb missing from Adam make tower . However, the child also 
eliminates some things an adult would consider essential in his telegram. 

An inflection is missing from the verb in there go one ; similarly, an 
inflection is missing, this time -ing . in Adam make tower ; and the plural 
inflection is not on the noun in two boot . There is one further difference. 
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represented here by just one example although it is quite common in child speech. 

The child combines things that an adult would not, as in a gas here . In sum, 
telegraphic speech generally leaves out articles, prepositions, auxiliary verbs, 
and inflections on verbs and nouns, while it adds ungrammatical word combinations. 
Except for the ungrammatical combinations, all these features of telegraphic 
speech ckn be related to the fact that the missing words are unstressed in adult 
speech. Articles, prepositions, auxiliaries and Inflections are all phonetically 
obscure. Their discrimination in the flow of adult speech presumably is more 

difficult for the child, and so they do not appear in his own (Brown and Fraser, 

1964 ). 

It is tempting to carry the telegraphic analogy farther. Perhaps children 
abbreviate for the same reason adults do, to save on costa. An adult will eliminate 
words that do not contribute enough to the intelligibility of the message to justify 
the price in currency; similarly, a child may eliminate words that cannot be justified 
in terms of their cognitive cost. It is true that children of two have very limited 
memory spans. Two digits is the standard performance on mental tests at this age. 
Thus, it is conceivable that children, like adult telegram writers, try to preserve 
the informational content of their messages while economizing on length. 

However, the telegraphic analogy becomes misleading if we take it so far as to 
conclude that children are actually abbreviating well-formed sentences. A limit- 
ation on memory probably constrains the length of children's sentences, but it 
does not work simply by eliminating words from sentences that otherwise would be 
fully grammatical. Rather, the child possesses a simple grammar, the output of 
which is telegraphic speech. If we found a two-year-old with an adult-sized memory* 
we would expect him to say such 'things as "Hear tractor go window not see mommy", 
and not the well-formed equivalent, "I hear a tractor going by the window, but I 
can't see it. Mommy." 

Telgraphic speech, therefore, is a generic term for the type of speech one kears 

from young children. It is a result, not a process, and it reflects more than 

o 
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McNeill 



7. 



limited memory. In order to account for it, we must look more closely at children's 
early grammars. 

The First Grammars 

Brown, Ervin, and Bralne have all collected records of the speech of two- 
year-old children. Braine's transcriptions are probably from a slightly earlier 
point in development than Brown's or Ervin's; none of Braine's subject had been 
heard to produce any word-combinations at all before he began to follow them, 
whereas Brown's and Ervin's subjects were already at the stage of two-, three- 
and even four-word utterances by the time the studies began. Unfortunately, Braine 
did not make tape-recordings of his subjects* but relied instead on parental diaries. 
It is difficult to say what differences there are between a diary-sample and a tape- 
recorded one, but in most essential respects, Braine's results are duplicated by 
Btown and Ervin. 

In each of these studies, the earliest word-combinations were not random. 

A very large proportion of the children's utterances conformed to a small number of 
simple patterns; because they are patterned, these early utterances can be appro- 
priately dignified by calling them "sentences". 

In this section, attention will be restricted to two-word sentences. They 
seem to be composed by selecting words from primitive grammatical classes in a 
fixed order. One common arrangement consists of the juxtaposition of what Braine 
has called "pivot" and "open" classes. Sentences of this type have been observed 
in every study, but terminology differs: Brown uses "modifier" instead of "pivot" 

and Ervin uses "operator". We shall adopt Braine's terminology for reasons of 
default. Brown's "modifier:" refers to a special grammatical relation that does 
not always accompany the pivot-open construction, and Ervin's "operator" results in 
symbolic ambiguity with "open class" when we try to abbreviate. In adopting his 
terminology, however, we do not subscribe to Braine's theoretical interpretation 
of the P-0 distinction (Braine, 1963). 

eric: 
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The pivot class characteristically has few members compared with the open 
class, and each pivot word is used more frequently than individual open-class 
words. Moreover, the pivot class is relatively slow to take in new members. 

In all these characteristics, as Braine (1963) has pointed out, pivot words 
resemble function words in adult speech. However, when we recall that function 
words are generally absent from early child speech, the analogy is somewhat 
startling, because it means that the statistical imbalance of the P-0 distinc- 
tion cannot be imitated from adults. If the imbalance were an imitation, all 
pivot words should be function words. But, as we shall see shortly, the pivot 
class can contain words from adult content classes (adjectives, verbs, etc.). 

We shall argue later that a P-0 distinction could not be Inferred from adult 
speech, either, but thoughts on this subject are best postponed until we are 
prepared to discuss the role of linguistic universals in acquisition. 

The statistical imbalance of the P-0 distinction is difficult to explain. 
Braine' s theory is specifically built around this imbalance, but it cannot 
account for other facts of early child language, particularly 'he subsequent 
development of the pivot class. Braine holds that pivots are words for which 
the child has learned a fixed sentential position, and that the statistical 
imbalance results from the fact that at first the position of only a few 
words is known. Thus,; any P-0 sentence would use a few pivots with high 

frequency, and many open-class words with low frequency. But basing the 

% 

pivot class only on word-position would lead to a haphazard assortment of 
words as members, and that is precisely what the pivot class is not. 

Apart from the P-0 construction, early two-word sentences can involve 
the juxtaposition of open-class words. Sometimes this is done with words 
from a single open class, at other times with words from different classes. 

It never happens, however, that two-word sentences are made up only of 
pivots. We shall take as an example \e P-0 construction, even though the 
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0-0 construction is more frequent in the records of some children’s speech 
(Brown' 8, for example), because it nicely reveals one basic phenomenon of 
language acquisition — the emergence of grammatical classes. We will return 
to the 0-0 construction when we discuss children's early grammatical rules. 

Consider Table 1, which summarizes some of the speech of one child 
in each of the three studies. On the left, in each column, are the pivot 
classes, and next to them are the corresponding open classes. A sentence 
is formed by selecting one word from the list on the left and following it 
by a word from the list on the right. Most children have more than one 
pivot class, which might appear in either first or second position. The 
position of any particular pivot and open class, however, is fixed. Table 
1 reproduces only first-position pivots, since these seem to be more common. 



Insert Table 1 about here 



It is important to recognize the basis for classifying words together 
into single class. The evidence is always distributional: two words are 

considered to be in the same grammatical class if their privileges of occur- 
ence are the same. If the privileges of occurrence differ importantly, words 
must be classified differently. Look, for example, at Ervin's list. This 

< e 

* 

and that are classified together because they each occur with arm, baby . 
dolly's etc. The and a also appear with some of these words, but this and 
that are not classified with the and _a because the two pairs have some unique 
distributional possibilities. The and a, appear with other , whereas this, and 
that do not; and this and that appear with come , doed. etc., but a and the 
do not. The distributions overlap, but they are not identical. 

Inevitably, the distributional procedure becomes vague in application. 
Once a child's vocabulary is of any size at all, individual ope*-class words 
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are so rarely repeated that mechanically looking for shared privileges of 
occurrence leads to no classes at all. Thus, Braine sometimes classifies 
words together as pivots when they have no open-class words in common. He 
feels justified in doing this because he can find no "systematic" differences 
in their distributions. Byebye , more and allgone. for example, do not over- 
lap at all in Braine 's records if one measures overlap in terms of individual 
words. But if one measures overlap categorically, the three pivots have 
nearly identical distributions. Byebye is followed by celery , allgone is 
followed by lettuce , and more is followed by melon ; similarly with another 
dimension, more is followed by taxi , and byebye is followed by plane . The 
grammarian necessarily imposes his knowledge of English onto the child's 
corpus if he wants to use the material at all. The advantage of this pro- 
cedure over the earlier one of simply using the grammar of English is that 
the search for distributional similarities and dissimilarities will constrain 
the distortion of the grammarian's own grammar. It is clear, however, that 
distributional classification cannot eliminate such distortion entirely. 

Table 1 merely summarizes speech, but we are taking it also as a 
statement of the children's competence. We suppose they really had organized 
their vocabularies into classes, roughly in the way indicated in the table. 
And since the children's sentences had the form, pivot word followed by an 
open-class word, we also suppose their competence Included the rule: 

(1) S > (P) + 0. 

The rule includes the possibility of not choosing the pivot since open- 

< 

class words, but not pivot-class words, can stand alone In children's speech. 
That is. Rule (1) allows for both two-word and single-word utterances. 

In every record, sentences 3 and 4 words long also appeared. In the 
case of Brown's subject, these had a hierarchical structure, and probably 
the longer sentences in Braine 's and E /in's records were similarly produced. 
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Hierarchical aspects of children’s grammar will be discussed in a later section 
devoted to grammatical rules. The presence cf hierarchical constructions does 
not affect our conclusions about the grammatical classes in the child's 
repertoire. 

There is some support for the assumption that the P-0 distinction and 
Rule (1) reflect children's competence at this early stage. For one thing, 
the chief alternative hypothesis is that the children had independently 
memorized each of the strings in the table, and that seems implausible in 
view of the quantity of the material. For the child in Braine's sample, for 
example, it would mean the memorization of at least 102 combinations — that 
being the size of his corpus — and surely this is an underestimate since 
these 102 sentences are only the ones that happened to turn up in Braine's 
records. Another reason for crediting children with Rule (1) is the presence 
of combinations of P and 0 that are very unlikely to be imitations or re- 
ductions of adult sentences. Take, for example, the set of sentences with 
allgone as* a pivot word in Braine's list. It includes allgone shoe , allgone 
vitamins , allgone egg, allgone lettuce , etc.. None of these could be an 
imitation since each is an inversion of the appropriate adult model. Compare 
allgone shoe to the shoe is allgone . Ervin's subject produced sentences such 
that doed . there pretty , and Brown's subject, making use of hierarchial 
constructions, produced big a truck and a that horsie . It is unlikely that 
children hear this kind of fractured English from their parents. 

Sentences that cannot be accounted for as reductions of adult sentences 
provide the best evidence that children know productive rules. The point of 
these examples is that they are cut from the same pattern as many others in 
children's speech that are not fractured English. It would be completely 
ad hoc to distinguish the ones that are fractured from the ones that are not. 
Instead, it is more parsimonious to assume that children generate all these 
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sentences and that the rules and word-categories we infer from their speech 
reflect some kind of primitive competence. 

The same conclusion is suggested by a striking phenomenon reported by 
Weir in Language in the Crib (1962). The title is not fanciful. She collected 
the pre-sleep monologues of her two-and-a-half year old son and subjected them 
to linguistic analysis. The striking phenomenon is that the boy practiced 
rules similar to (1). In the following series, for example, the boy repeatedly 
substituted expressions in the frame jjo: 

go for glasses 
go for them 
go to the top 
go throw 
go for blouse 
pants 

go for shoes 

The verb is the pivot word, so the rule is of the form S + 0, 

'*»■ 

and we can see the child trying one open-class expression after another, 
exercising the rule. Weir's child was older and had a considerably more 
elaborate grammar than the children in Bralne's, Brown's, or Ervin's studies, 
and we find him sometimes carrying on more than one substitution at once, 
as in the first two lines. The fact that not all the substitutions are 
single open-class words again reflects a hlerarchial development. 

What can be said of the early competence of children? Note first of 
all that the pivot and open classes are typically heterogeneous from the 
point of view of adult grammar. The pivot class in Bralne's grammar for 
example, contains adjectives (big, more, pretty and possibly allgone) , 
verbs (see, and possibly byebye and nightnlght) , a pronoun (my) , and a 
greeting (hi) . Bralne's criteria for (taping words into the same class may 
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have been too relaxed, so his list might overestimate the variety of adult 
grammatical classes that is likely to end up in a child’s pivot class, but there 
is no question of the general fact of heterogeneity. It appears just as 
impressively in Brown's records for the pivot class of his subject, and in the 
open class of Ervin's subject. Brown's subject had two kinds of pronouns, 

(my . that), articles, (a, the) and adjectives (big , green , etc.) in his pivot 
class. Ervin's subject had nouns (arm , baby , etc.) and adjectives (pretty . 
yellow , etc.) in every open class, and in addition, there were verbs (come . 
doed. etc.) in one class and a determiner (other) in a second. No child in 
any of these studies has revealed both pivot and open classes that agree 
exactly with classes in the adult grammar. Sometimes the pivot class may 
correspond to an adult category, as apparently was the case with Ervin's subject, 
and sometimes a child may have an open class that agrees fairly well with an 
adult class, as Brown's and Braine's subjects apparently did. But even here, 
there is diversity on a reduced scale: Brown's subject did not honor the 

adult distinction between mass and count nouns — producing sentences such 
as a gas and some milks: and Braine's subject had one adjective, hot , in 
an open class that otherwise contained only nouns in adult grammar. One 
suspects that diversity is initially the rule for both the pivot and open 
classes, but it does not always appear in these studies because the two classes 
can develop at somewhat different rates. What we find in the case of Ervin's 
subject, therefore, probably is the outcome of faster development of pivot 
classes than open classes, whereas in the case of Brown's or Braine's subject, 

we have the opposite, open classes developing faster than pivot classes. We 

| 

do not have sufficient information to judge whether or not this suspicion is 
correct, for no one , has kept the extremely detailed records that would be 
required; but it seems plausible. As we shall see next, the development of 
grammatical classes takes the form of differentiation, or subdivision, of a 
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child's primitive grammatical classes. Thus, the relative homogeneity of the 
pivot classes in Ervin's grammar and the open classes in Brown's and Braine's 
grammars could conceivably be the outcome of differentiation that went on 
before the studies began. 

Differentiation of the pivot class 

Differentiation has been described by Brown and Bellugi (1964) . Insofar 
as one can tell, this direction of development is followed by all children. 
Among Brown and Bellugi 's subjects, open classes were relatively well 
differentiated at the time the children were first observed, so our usable 
information concerns the history of the pivot class. Moreover, information 
from different children in Brown and Bellugi' 8 study cannot be combined since 
the particular words in the pivot class differ somewhat from child to child. 
Instead, we shall present the developmental history of one child, the same 
one whose initial P-0 distinction 1s reproduced in Table 1. Essentially the 
same conclusions are reached from an examination of the records of other 
children in Brown's project. 

We have information from three points in this child's development, the 
times at which grammars were written from the child s speech. The Corpus 
at the first point was reproduced in part in Table 1. The second point is 
2.5 months later, and the third point is 2.5 months later than that; the 
entire span covers 5 months. As we shall see, the process of differentiation 
is not complete by the time the third point is reached, but it is far advanced. 

The child's progress during these 5 months can be summarised by the 
diagram in Figure 1. On the left is the actual history of the pivot class 
after the child was first observed. On the right, are the rules of sentence- 
formation with which the grammarian was compelled to credit the child in order 
to account for his sentences. 
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Insert Figure 1 about here 



The diagram on the left of Fig. 1 is not a phrase-marker. However, the fact 
that it is drawn as a tree-structure may have some significance, which will 
be discussed later. 

For the moment, the diagram in Fig. 1 can be taken as chronology of the 
child's development. As was noted before, at Time 1 the pivot class consisted 
of my, that , two , a, the , big , green , etc. These words were classed together 
because they had identical privileges of occurrence in the child's sentences. 

By Time 2, articles and demonstrative pronouns had unique privileges of 
occurrence. The child produced sentences such as that a mv car, in which the 
article, a, had a definite position before the pivot word, my. He avoided 
sentences such as that mv a car, in which my and a are not distinguished with 
respect to sentence position. Similar evidence exists for the demonstrative 
pronouns. The child produced sentences such as that a horsie . and avoided 
a that horsie . Demonstrative pronouns thus could appear before articles and 
pivot words. Both these new contingencies, the positions of demonstrative 
pronouns and articles, are represented in Rule (2). 

By Time 2, the original pivot class had been reduced in membership through 
subdivision; the child had come to treat articles and demonstrative pronouns 
as unique classes. As before, we assume this reflects the child's competence, 
and take the change in pri /ileges of occurrence to indicate that a, and the, on 
the one hand, and this and that , on the other, do indeed belong to separate 
grammatical classes for the child. However, there remains a residual pivot 
class* containing my, two , more , and the adjectives, to which other and 'not her 
have been added. It is Important to note that this else?, too, has definite 
privileges of occurrence and we suppose that it also represents a part of the 
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child's competence at Time 2. It is still heterogeneous from the point of 
view of adult grammar 

experienced further subdivision by Time 3. The adjectives now have 
unique privileges of occurrence in that they can appear after nouns, as in 
toy big , or penguin big heavy, as well as before nouns . Piv* % words are 
restricted to positions before nouns, so we do not find the child saying 
toy Mother, for example. Also, we credit the child with a separate class of 

possessive pronouns since he no longer produced sentences such as a mv cup. 

► 

which were possible at Time 2. ~ 

In five months' time, therefore, five grammatical classes have emerged 
from one primeval pivot class: articles, adjectives, demonstrative pronouns, 

possessive pronouns, and a pivot class that contains other , 'nother . one , all , 
and more . In each case, new classes appeared through subdivision cf one of 
the pivot classes, or P 2 , and so we can say that the process of develop- 
ment here was differentiation of the pivot class. There is no evidence of 
independent discovery of the adult grammatical classes; they are merely 
removed from the pivot class like a bananna peel. 

Universals in Language Acquisition 

The preceding characterization raises a fundamental problem. In order 
for differentiation to yield the grammatical classes of adult English, the 
original pivot (and, presumably, the open) class must be genetically related 
to the adult classes. By a generic relation, we mean that the competence 
of the child on which the pivot class is based must now ignore, but potentially 
admit, some of the relevant distinctions of adult grammar. terms of 
actual content, such a relation clearly exists, as the facts of differentia- 
tion show. Every adjective in the vocabulary of Brown's subject at Time 1, 
for example, was within the pivot clast, even though adjectives were not yet 
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distinguished as a class. But in order for a generic relation to exist, 
we must assume that a child honors in advance some of the distinctions on 
which adult classes are based. This implication seems to have gone unnoticed, 
so we shall take time to discuss it. 

Consider first some difficulties with formulations that do not make 
this assumption. Braine's theory, for example, implies that the pivot class 
is merely a random selection of words. But clearly this is not the case. A 
random selection would make differentiation impossible since a child's pivot 
class would be as likely to include words from one adult grammatical class 
as another. Moreover, since the original pivot class appears to be part of 
a child's competence — and so has some psychological unity for him — we 
would have to conclude that a randomly constituted pivot class would 
actually be misleading. The best thing a child could do under these cir- 
cumstances would be to forget the P-0 distinction as a bad start and begin 
afresh. (For other criticisms of Braine's theory, see Bever, Fodor, and 
Weksel, 1965a and 1965b; see also Braine's reply, 1965). 

Nor, to take another theory, could a child infer adult classes from 
parental speech without knowing in advance the range of possible distinctions. 
Parental speech would offer useful guidance at this point only if this 
condition is met. An ability to infer something about language is the 
capacity to generalize a distinction once its relevance is noticed. It is 
difficult to conceive of it being a capacity to invent the distinctions them- 
selves. A vast number of distinctions is possible in parental speech — only 
a few of which are Important in English — and if a child had to invent, 
rather than notice them, his chances of progressing to English would be 
microscopically small. For a complete discussion on this point, see Katz 
(1965) . 
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Nor, to take a third view, can strictly distributional evidence from 
parental speech yield a generic classification of adult grammatical categories, 
even assuming that a child manages to solve the problem of inference just noted. 
The set of grammatical categories that follows from distributional evidence 
would presumably be the full adult set, not a generic set; it begs the 
question to claim that a child observes only those distributional facts that 
support a generic classification. Asserting, for example, that Brown* s subject 
formed a pivot class of articles, demonstrative pronouns, adjectives, etc., 
by sorting words according to whether or not they precede nouns is circular, 
for we still do not know how the child came to use this basis of classifica- 
tion, and that is the question in which we are interested. 

The role of distributional evidence seems to have been greatly overrated 
in speculations on language acquisition. Not only is it impossible for dis- 
tributional evidence to yield generic grammatical classes for a child, it 
saems impossible for it to yield a P-0 distinction of any kind. The line of 
development that would follow from distributional evidence would be differ- 
entiation of the class of all words in a child’s vocabulary, not differentiation 
of the pitjrot or open class. Each step of differentiation would consist of 
per cipita ting just one adult grammatical category from the total vocabulary. 
(There is no way to conceive of a child removing two or more adult classes as 
an undifferentiated set, unless we again beg the question of what criteria 
the child uses.) Of course, it would be possible to say that the pivot class 
for Brown’s subject was the original undifferentiated set of all words in the 
child’s vocabulary. His open class, then, could be regarded as the outcome 
of the first subdivision of the total vocabulary; articles and demonstrative 
pronouns could be regarded as the second and third subdivisions; and so on. 

This t?ould be differentiation of a single heterogeneous category, and it could 
rest on distributional evidence alone > In effect, the pivot class would not 
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bfi 8 class at all under this interpretation, hut merely a collection 

of words out of which adult classes arias, and the P-0 distinction would cease 
to exist. However, it is clear that Brown's subject did possess a genuine 
pivot class and that he did not derive adult grammatical classes through 
differentiation of his total vocabulary. If the pivot class at any given time 
really were a residual of the total stock of words, all members of the pivot 
class would be able to stand alone as single-word utterances. The original 
undifferentiated vocabulary of children, before there is any grammatical 
patterning, consists precisely of single-word utterances. But one character- 
istic of pivot words (for all children who have been studied) is that they never 
stand alone as single-word utterances; they must always occur in combination 
with an open-class word. The composition of Rule (1), which has the pivot 
as an option, reflects this restriction on the occurrence of pivots. We must 
conclude, therefore, that the P-0 distinction is somehow imposed by a child 
on his vocabulary; it does not arise from the distributional evidence that a 
child obtains from parental speech; and it does appear to involve ? generic 
classification of adult grammatical categories. In order to account* for the 
P-0 distinction, stronger explanations will have to be considered than a 
child's use of distributional evidence. Some possibilities along these lines 
will be discussed below. 

But let us first be certain that the concept of generic classification 
is clearly understood. An analogy might help. Suppose we give an adult the 
problem of discovering into which of two subclasses we have divided the class 
of English adjectives. He does not know the principles of our subclassification 
but he does know what adjectives are. His position, therefore, is comparable 
to a child's. The class of adjectives corresponds to the child's pivot class, 
and the unknown principle corresponds to some adult distinction — say the one 
between demonstrative pronouns and articles. Like a child, our adult subject 
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must discover how to differentiate his class of adjectives into the sub- 
categories we have in mind. Now, suppose that we divide the class of adjectives 
arbitrarily. We might take them in order from a dictionary, placing all even 
numbered adjectives in one class, all odd-numbered adjectives in the other. 

Under these circumstances the class of adjectives — the adult's competence — 
would not be a generic classification of the two subcategories . Our subject 
knows no relation among adjectives that will allow him to differentiate the 
class. Probably the only strategy for discovering the two subclasses is to 
test and memorize each word individually, an exceedingly time-consuming pro- 
cedure and one that is not differentiation. Certainly, noting distinctions 
in our speech — if, for example, we always use even numbered adjectives after 
be and odd-numbered adjectives before nouns — will not help this adult, for 
he will have no basis for recognizing the regularity. Each adjective will be 
a thing unto itself. 

In contrast, suppose we subdivide the class of adjectives on some other 
principle. For example, we might place all adjectives beginning with the 
letters A through L into one class, and adjectives beginning M through Z into 
another. Now there is a basis for segregating the two classes, for what our 
adult subject knows about the original class of adjectives encompasses the 
two subclasses. Our adult subject knows the initial letter of adjectives, 
which is relevant to the subclassification, and once he has discovered this 
principle, he can split the class of adjectives immediately. 

. The difference between these two situations is whether or not our subject's 
original competence includes information relevant to the subdivision of the 
adjective class. When it does, he can then note the relevance in samples of 
our speech, and adopt the distinction himself. 

The suggestion is that the initial competence of children — the pivot 
and open classes — is similarly relevant to the distinctions honored in adult 
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grammar. In this sense, children's early competence includes a generic class- 
ification of adult grammatical classes. The task now is to describe what this 
relevance is. In so doing, perhaps we shall be able to characterize more 
fully the nature of children 'eT early competence. Notice, incidentally, 
that the problem raised here cannot be solved by assuming that the P-0 distinc- 
tion is not thfe original distinction children make in language acquisition, 
for that would merely push the difficulty back to an earlier point in the child's 
career . 

Let us take an excursion into an aspect of transformational grammar that 
has to do with the problem of semi-grammaticality. One interpretation of the 
P-0 distinction and the differentiation of gummatical classes will emerge. 

The transformational grammar described by Chomsky and others is intended to 
reflect accurately a native speaker's intuitions about well-formed sentences. 
However, it is clear that our intuitions are not limited to well-formed sentences. 
We also can make sense of such semi -grammatical sentences as Dylan Thomas' 
a grief ago , Veblen's perform leisure , or Chomsky's colorless green ideas sleep 
furiously . Not only can we make sense of them, but we also know that those 
sentences do less violence to our grammatical intuitions than a the ago , or 
perform compel , or furiously sleep ideas green colorless . The ability to 
judge relative grammaticality seems to be quite general, as the reader can 
verify by testing himself against the following set of sentences. 

John plays golf golf plays John golf plays aggressive 

John loves company misery loves company abundant loves company 

sincerity frightens John John frightens sincerity John sincerity frightens 
what did you do to the what did you do to the what did you do to the 
book, bite it? book, understand it? book, justice ic? 

Chomsky (1961, 1964b), from whom all these examples are taken, has 
discussed semi-grammaticality in terms of supplementing generative grammar 
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with a hierarchy of categories. The generative grammar of well-formed sentences 
can account for only the sentences of the left-most column above. The others 
fall beyond the grammar's scope. If one's competence included the grammar of 
well-formed sentences and nothing else, the center and right-most sentences 
would both be uninterpretable and would seem equally ungrammatical. They would 
be uninterpretable because neither golf plays John nor golf plays aggressive 
can be assigned a structural description, and they would be equally ungrammatical 
because the grammar is capable of registering only the binary decision — well- 
formed or not. However, golf plays John is certainly meaningful. Indeed, it 
is an effectively devastating description of John, precisely because it is 
grammatically deviant. Golf plays Joh n causes us to impose an interpretation 
by noting the analogy of golf plays John to the well-formed John plays golf . 

We see that both are noun-verb-noun sentences, but golf plays John violates 
restrictions on what categories can be the subject and object of play . Golf 
plays aggressive , in contrast, is not even a noun-verb-noun sentence. Thus, 
the two deviant sentences differ in the magnitude of the violence they do to 
the category-restrictions of the grammar. Golf plays John honors the distinc- 
tion between nouns and other parts of speech, but does away with a distinction 
within the noun class, whereas golf plays aggressive obliterates a major 
distinction between two grammatical classes. Chomsky has maintained that the 
degree of grammaticalness of a sentence depends on the category restrictions 
that it preserves. 

Imagine that we have before us a complete transformational grammar of 
English. We would find that the rules are expressed in terms of very narrow 
categories of words (accually, of morphemes or lexical items) that embody 
such distinctions as animate and inanimate nouns, or pure transitive and 
mixed transitive- intransitive verbs, etc*. This is the lowest level of 
Chomsky's hierarchy of categories; it . ^presents all the distinctions that 
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ere necessary to the grammar of well-formed sentences. Suppose that above 
this level is another that categorizes the same words more broadly. And 
above this level, suppose yet another that classifies the same words still 
more broadly, and so on until, at the top, there is just one class containing 
all the words of English. That i.8, every level is an exhaustive classification 
of the lexicon and, moreover, each successively lower level is a refinement 

of the level just above. The system of levels can be abstractly pictured 

by the tree-graph in Fig. 2. Every "C" is a category of words. Superscripts 

represent the level at which a particular category resides and subscripts 
indicate the particular category we have in mind. Level m is the most differ- 
entiated. This abstract diagram skips many levels and many categories; it 
merely presents a hierarchial arrangement of the sort Chomsky describes in 
accounting for semi-grammatical sentences. There are, of course, many 
different ways that the lower-level categories might be combined (see Miller 
and Chomsky, 1963, for an illustrative example). 



Insert Figure 2 about here 



Such a hierarchy provides a representation of every string of words, 
whether or not well-formed. The well-formed John playa golf , for example, 
is represented on all levels of the hierarchy. It honors the most delicate 
distinctions of level m as well as the broader ones of the levels above. 

The rules of the grammar, therefore, can produce sentences of the form of 
John plays golf throughout the hierarchy. On the other hand, the semi- 
grammatical sentence golf plays John can be represented no farther down in 
the hierarchy than some intermediate level, say where the categories are 
undifferentiated noun, verb, and some others. For the sake of an example, 
suppose that these distinctions are drawn at level 2 in our diagram and 
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7 2 2 

is the class o£ verbs, 18 the class of nouns, and includes every- 
thing else. Then golf pl ays J ohn will have a representation on level 2 in 
common with one of the sentences generated by the grammar, vis*, noun-verb- 
noun. (So, of course, does John plave gclf ) 

In this way, Chomsky can account for our ability to impose interpreta- 
tions on semi-grammatical sentences and to judge which of two semi-grammatical 
sentences is more remote from well-formed English. We can impose an inter- 
pretation on Golf plays John because it has the same representation on level 
2 as John plays golf . We can judge the degree of grammaticalness by noting 
the lowest level at which a sentence receives a representation. Thus, golf 
plays aggressive is less grammatical by this reckoning than golf plays John . 

The knowledge represented by the hierarchy of categories seems to be an 
essential part of our linguistic competence. It may also be an essential 
part of language acquisition. Perhaps the original P-0 distinction of 
child grammar is one of the distinctions drawn near the top of Chomsky's 
hierarchy. Moreover, in a child's subsequent development b the differentiation 
of P and 0 may consist of moving down the hierarchy to more narrowly defined 
categories. It is in this sense that we can regard a child's original 
grammatical categories as a generic classification of the categories of 
adult grammar. The ever more refined classification of words represented in 
Chomsky's hierarchy, therefore, suggests a blueprint for the first stages of 
language acquisition. The tree-diagram for the development of Brown's 
subject in Fig. 1 may be more than a chronology; it may be the same hierarchy 
that underlies adults' interpretation of semi-grammatical sentences. On 
this view, the successful differentiation of children's P and 0 classes is 
an automatic result of a basic congruence of children's and adults' competence. 

There are two possible explanations of any such congruence. One is that 
the adult's hierarchy was learned in infancy. T .f everyone acquires language 
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by the process of differentiation exemplified by Brown's subject, the various 
levels of Chomsky's hierarchy could reflect adults' retention of the early 
stages of their own language acquisition. We can be certain that this 
explanation Is false. For one thing, it fails to account for the fact that 
different adults have the same intuitions about the relative grammatlcallty 
of sentences. For another thing, it implies that foreign speakers of 
English — persons who learned the language when they were already linguistically 
mature — should have intuitions about serai-grammatical English sentences 
quite different from the intuitions of native speakers. Foreign speakers 
acquire English from textbooks, so their early stages of acquisition are 
fundamentally different from the differentiation experienced by native speakers. 
However, as will be seen later, native and foreign speakers of English are not 
consistently different in their judgments of relative grammatlcallty. 

An alternative explanation is that the distinctions drawn from Chomsky's 
hierarchy of categories represent linguistic universals that are part of the 
child's innate endowment. The role of a univeiaal hierarchy of categories 
would be to direct the child's discovery of the classes of English. It is 
as if he were equipped with a set of "templates" against which he can compare 

e 

the speech he hears from his parents. This speech la a haphazard sample 
(at least initially), not at all contrived to instruct a child in basic 
grammatical structure. Indeed, ordinarily a child's parents will be completely 
unaware of basic grammatical structure. However, parental speech will 
inevitably conform to some of the linguistic universals registered on the 
child's templates. Ws can imagine, then, that a child classifies the random 
specimens of adult speech that he encounters according to universal categories 
that the speech exemplifies. Since these distinctions are at the top of a 
hierarchy that has the grammatical classes of English at its bottom, the 
child is prepared to discover the appropriate set of distinctions. Since no 



McNeill 



26. 



language exploits all the universal linguistic paraphernalia contained in the 
general theory of grammar, the child's task is to discover which of the total 
set of universals distinctions is important in English. 

The case is the same as with the adult in our analogy: a child has 

knowledge of the set of distinctions that define some of the classes of 
English (or any other language) , and his problem is to discover the ones 
that are relevant. Obviously, a child's knowledge of universal categories 
will not lead him to completely well-formed English. Learning of a different 
character must also take place, and something will be said about this phase 
of acquisition below (p. 58). But in the main, we can agree with Brown and 
Bellugi (1964) when they write: "The very intricate simultaneous differentia- 

tion and integration that constitutes the evolution of the noun phrase is more 
reminiscent of the biological development of an embryo than it is of the 

acquisition of a conditioned reflex." 

* 

One superficial difficulty with the present line of thinking should be 
commented on. It looks embarrassing to the hypothesis of a universal hierarchy 
of categories that children differ among each other on the particular distinc- 
tions they draw. For example, Brown's and Ervin's subjects both have adjectives 
in their simple sentences, yet one uses them as pivot words, the other as 
open-class words. Probably such disagreements are typical. However, in 
themselves, they are neutral with respect to the hypothesis that children 
begin their linguistic careers with linguistic universals. We have spoken 
of thet hierarchy of categories as if it could be arranged in only one way. 

This is not necessarily the case. There are numerous arrangements, and a 
number of different distinctions can provide possible starting points. A 
decision on whether the particular distinctions adopted first by children 
correspond to universal distinctions in a hierarchy of adult categories must 
wait until we have a more sophisticated idea of what distinctions are universal; 
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this is a linguistic problem that is currently under active investigation. 

However, the linguistic findings are not yet in a form that allow us to compare 
children's sequences of development to adults' hierarchy of categories on the 
level of detail that is really needed. 

Since that is the case, we must be content for the present with the following 
imprecise test of the hypothesis. The aim of the experiment to be described 
was to discover whether or not adults can judge which of two sentences from 
a child was produced later in development. Since none of the sentences was 
well-formed, the subjects had to determine the proximity of the child's 
sentences to adult grammar. The task therefore, was exactly the same as 
deciding the relative degree® of grammaticalness of a grief ago and a the ago . 

If adults can make these judgments about children's sentences correctly, we 
would conclude that they know the hierarchy of categories through which the 
child had moved: there is no other basis for an adult to succeed in the 
experiment. (Several of the children's sentences deviate from the word-order of 
well-formed English; howevever, as far as the experimental materials are 
concerned, converting early sentences to the well-formed order does not, on 
the average, require more changes than does converting late sentences.) This 
result would not prove that knowledge of the child's hierarchy is the same as 
knowledge of the hierarchy that Chomsky discussed. The fact is, nonetheless, 
that the sentences children produce later in their careers usually strike 
adults as obviously more grammatical than earlier sentences, which if it 
does not prove, at least suggests that the two hierarchies may be the same. 

This Intuition grips adults so forcibly, in fact, that sometimes it is difficult 
to convince colleagues that the experiment is really a test of anything at all. 
Such doubts are welcomed, of course, since they support the hypothesis that a 

child '8 early grammatical categories are a generic specification of &dult 

.> ' * 

grammatical categories. * 
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The experiment was conducted with ten native speakers of English and five 
speakers of English-as-a-second-language . All the foreign speakers learned English 
as adolescents, so it can be safely assumed that they did not pass through a phase 
of differentiation in acquiring English; all became fluent speakers of the 
language. The native languages were Hindi (3 subjects), Japanese (1 subject) 
and Spanish (1 subject). Every adult subject judged the relative proximity to 
veil-formed English of 15 pairs of sentences taken from the grammar of Brown's 
subject. Every pair involved a contrast with the child's grammar at Time 1, 
when he had only the P-0 distinction: four pairs compared Time 2 and Time 1, 

and 11 pairs compared Time 3 and Time 1. No sentences were well formed by 
adult standards. Length was constant within each pair, so that was not a cue. 

Some of the sentences used did not actually occur, but were mechanically generated 
from the child's grammar; this is not unfair since we are interested in the 
categories of the grammar ^ not in the particular sentences the child was overheard 
producing. Some examples are given in Table 2. All the sentences involved a 
hierarchical construction. 



Insert Table 2 about here 



Subjects were asked to indicate the member of each pair that came later 
in the child's career on the basis of how close the sentences were to adult 
English. There is no question that adults can make these judgments accurately. 
For native speakers, overall success was 81 percent, whereas chance is 50 per 
cent. Foreign speakers did nearly as well, correctly ordering pairs 78 per 
cent of the time. No consistent differences appeared between native and 
foreign speakers in the sentences that were successfully ordered, except that 
foreign speakers generally did better than native speakers on pairs Involving 
first-person possessive pronouns. 
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The hypothesis that the first stages of linguistic development are guided 
by a universal hierarchy of categories can be considered in relation to an 
abstract characterization of language acquisition that has been outlined by 
Chomsky (1964a, 1965) and Katz (1965) . They discuss the form of a language 
Acquisition Device (LAD) , or System (LAS) . LAD receives primary linguistic 
data — essentially, a corpus of speech from fluent speakers within hearing 
range — as input and has grammatical competence as output. It can be repre- 
sented schematically as follows: 

Primary Linguistic Data ^ [ LAD | ^ G 

The contents of the box— the properties of LAD — will explain the linguistic 
intuitions of adults because it determines the properties of G, or grammatical 
competence. The internal structure of LAD is given by the linguistic universals, 
one of whi£h., according to the present argument, is the competence that under- 
lies adult judgments of semi-grammatical sentences. 

Linguistic universals may be classified into two types, formal and sub- 
stantive (Chomsky, 1965). The hierarchy of categories would be an example of 
a substantive universal* It constitutes, as it were, a part of the basic set 
of concepts that LAD uses to devise the particular grammatical rules of English. 
The form that these rules take, in turn, is prescribed by the formal universals 
that are also part of LAB's internal structure. Equipped with both formal and 
substantive universals, LAD operates something like a scientist constructing 
a theory. LAB observes a certain amount of empirical data, the primary 
linguistic data, and formulates hypotheses that will account for them from its 
knowledge of the formal and substantive universals. Further observations 
may lead to changes in LAB's hypotheses, but all new hypotheses will also be 
phrased in terms of the formal and substantive universals. Thus, the universals 
guide and limit acquisition. In the case of real children, the original P-0 
distinction would then reflect an initial hypothesis to account for the examples 
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of English that the child has heard. With time, the child modifies this 
hypothesis, presumably to accord better with new observations, and so separates 
articles, adjectives, demonstrative pronouns, and the like. In a sensa, of 
course, the observations that give rise to these distinctions are not new — 
they are always present in adult speech. The advantage to a child of having 
universals such as the hierarchy of categories is that he can progress toward 
the grammatical classes of adult English step-by-step. He does not have to 
notice, hypothesize, and test all distinctions at once. A simple dichotomy 
-or trichotomy will serve at first. The rest of the distinctions are taken up 
in an order determined by the hierarchical arrangement of categories. If 
the same hierarchy underlies both adult grammar and a child's development, 
the child would be able to progress rapidly and surely to full linguistic 
competence . > 

Early Grammatical Rules 

Some rules that appear to be part of children's early grammatical 
competence have already been mentioned. In the case of Brown's subject, 
there were five of them (Fig. 1). Rules (2-5) were derived from Rule (1) 
by the process of differentiation of the pivot class. All these rules are 
basically P-0 constructions, and there is some question whether we should 
think of five different rules or just one basic rule operating with different 
grammatical classes at different times; Brown and Bellugi (1964) favor the 
latter interpretation. In any case, the P-0 construction is not the only 
rule present in children's early grammars. Children also have sentences of 
an open-open type, some of which are covered by Rule (6) in Brown's grammar 
(in which some open-class words were nouns) : 

(6) S — 9 * N + N 

Rule (6) generates such sentences as Adam car , mommy soup . KJrler suitcase , etc.. 
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•fid it was highly productive. Indeed, Brown* s early records contain many more 
sentences produced by Rule (6) than by Rule (1). Sentences from Rule (6) usually 
strike adults as telegraphic versions of the possessive: Urler suitcase probably 

corresponds to Urler 's suitcase in the adult grammar. ’ 

Rule (6), even though it is not a pivot-open construction, is identical , 

to Rules (1-5) in one respect; all are sequential and lack any sort of hier- 
archical structure. In this, they differ from Rules (7) and (8), which are 
both hierarchical and generate such sentences as that mv coat and want my coat . 

Rules (7) and (8) can be written as follows: 

(7) S > (P) + NP 

NP 

(8) S > Pred P 

Pred P > (V) + NP 

NP > r(P) + N 

| N + N 

The difference between Rules (1-6) and Rules (7) and (8) can readily be seen 
by comparing their phrase-markers, which are drawn in Fig. 3. The markers 
generated by Rules (1) and (6) represent the sequential type. (The alternate 
choice of P or N in Rules (7) and (8) is indicated in the usual way by braces.) 

Notice that the only difference between the sequential and hierarchical phrase- 
markers — aside from the appearance of V in Rule (8) — is the presence of NP or 
Pred P. And notice, also, that the material dominated by NP is the righthand 
sides of Rules (1) and (6) combined, and that the material dominated by 
Pred P contains this same NP. We might suspect that Rules (1-6), the sequential 
set, and Rules (7) and (8), the hierarchical set, are related in some way. 



Insert Figure 3 about here 
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At Time 1, Rule (7) was not used frequently. Most sentences came from 
Rules (1), (6) and (8). The option of choosing P in Rule (8) was rarely taken. 
Thus most sentences were two words long and consisted of either a pivot-word 
followed by a noun, or a noun followed by a noun, or a verb followed by a 
noun. There were also some sentences in which a noun was followed by a verb, 
such as Bambi go and A dam change diaper . They do not fit any of the rules 

i 

individually, but seem instead to be a combination of two rules, probably 
(7) and (8); mere is said on this below. Most three-word sentences at this 
age followed Rule (8), using the (N + N) alternative of NP. By Time 2, the 
frequency of three-word sentences had Increased and Rule (7) had come to 
play a more important role. No new patterns seem to have crept into the 
child's grammar at Time 2, all the changes being in the relative frequency 
with which sentences were generated by these various rules. Time 3 continues 
the same story: further frequency changes, but no new rules. 

Thus, the development of grammatical rules is quite different from the 
development of grammatical classes. During the same 5-month period that saw 
great changes in the system of grammatical categories, the basic set of 
grammatical rules remained more or less constant (disregarding frequency 
changes, which probably depend on practice, interests, memory span, etc.; 
that is, on various performance factors). This constancy may indicate another 
aspect of the child's fundamental linguistic capacity, hut before that can be 
discussed, we must try to establish the psychological reality of hierarchical 
rules . 

Brown and Bellugi (1964) present several kinds of evidence for the 
psychological reality of the NP constituent in the speech of children. For 
one thing, the NP and the single N have identical privileges of occurrence, 
as in the following sentences: 
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Positions for single N 



Positions for NP 



That (flower) 



That (a blue flower) 

Where (the pussle) go? 
Doggie eat (the breakfast) 
(A horsie) crying 
Put (the red hat) on 



Where (ball) go? 
Adam write (penguin) 
(Horsie) stop 
Put (hat) on 



These demonstrate that the syntactic position of NP is the same as its head 
word, N. The NP is "endocentric", as linguists say. The endocentricity 
of NP itself suggests that such constructions are psychological units for 
children. Pointing to the same conclusion is the fact that pauses, when 
they oncur, usually bracket NP. A child might say "Put... the red had... on", 
but not likely "Put the red... hat on". Similar evidence has been described 
by Huttenlocher (1964) . Finally, there is use of the pronoun it. As Brown 
and Bellugi point out, it is actually a pro-noun phrase, which stands for 
an NP, not a single N. To quote them, 

"The unity of noun phrases in adult English is evidenced, 
in the first place, by the syntactic equivalence between such 
phrases and nouns alone. It is evidenced, in the second place, 
by the fact the pronouns are able to substitute for total noun 
phrases. In our immediately preceding sentence the pronoun 
"It" stands for the rather involved construction from the first 
sentence of this paragraph: 'The unity of noun phrases in adult 

English'.... One does not replace 'unity' with 'it' and say 
"The it of noun phrases in adult English'". 

Similarly, in the speech of Brown and Bellugi *s subjects, it replaced noun 
phrases, suggesting that the NP is capable of replacement as a unit, and so, 
is psychologically a whole. 
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In the case of one child, the replacement itself did not occur for a time, 
but instead the child produced both it and the constituent it stood for. For 
examp le , 

Mommy get it ladder 
Mommy get it my ladder 

In the first sentence, .it and a single N come out together; in the second, it. 
and an NP co-occur. Thus, the child treats N and NP alike in making this 
quaint error, a fact that provides further evidence for the psychological unity 
of NP. 

However, the psychological unity of NP raises a vexing question about the 
status of our rules. It has already been mentioned that Rules (1-5) might be 
regarded as one rule operating with different grammatical categories. If, 
along with Brown and Bellugi, we decide to group them, we are left with four 
rules; Rule (1) in its various forms, and Rules (6), (7), and (8). To 
decide this much is relatively easy, since the grounds for keeping Rules 
(1-5) apart really have nothing to do with the form of the rules themselves. 

k 

The hard decision is what to do with Rules (6), (7), and (8). It was pointed 
out that Rules (1) and (6) — the pivot-noun and noun-noun constructions — are 
both involved in Rules (7) and (8) as NP. It seems that there are two 
alternative interpretations of this interdigitation. One is to regard Rules 
(1) and (6) as basic, and Rule (7) as a later development growing out of 
Rules (1) and (6), which would imply that a child does not have higher-order 
constituents in his early sentences. The fact that Rule (7) was not used 
frequently in Brown's earliest records supports this view. 

t" 

However, now we must also suppose that Rule (8) is simplified to read 
merely (S — “ ^ V + N) , which runs afoul of the fact that the most common 

three-word sentences at Time 1 was VNN, a sentence- type generated by Rule (8) 
with an NP (NP ^ N + N, one of the options) . We are faced, therefore. 
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with the inconsistency that NP la possible In Rule (8) but not Rule (7) . 

If NP is psychologically unitary for a child, he should treat it everywhere 
alike. Thus, we are led to a second interpretation of the interdigltation 
of Rules (1), (6), (7), and (8): all the rules, (1) through (8), make use 
of NP. NP is psychologically unitary from the outset. But, now we must 
account for the fact that sentences with single N occur more frequently than 
ones with & developed NP. One possibility here is that a child tends to restrict 
himself to using just one pivot-position in each sentence. This makes Rules 
(1) and (6) into variants of Rule (7). Rule (1) comes out of Rule (7) when 
a child picks the P dominated by S, or the P dominated by NP, since whichever 
ha chooses, the other would be suppressed. Rule (6) comes out of Rule (7) 
when a child elects the N under NP. The first pivot-position would then be 
suppressed and the second pivot-position is already occupied by N. The 
advantage of this scheme is that it lets Rule (8) have its NP. It may also 
account for the fact that PNN and PPN sentences were infrequent at Time 1 
whereas VNN sentences were the most numerous of all three-word utterances 
(two pivot positions, are used in PNN or PPN, as against one in VNN) . It 
was the low frequency in PNN and PPN from Rule (7) that seemed to support 
the view that was first described. Therefore, the inclination is to accept 
the second interpretation, and assume that the child generate 4 nil his 
sentences by either Rule (7) or (8). 

These rules do not generate well-formed sentences according to adult 
grammar. The basic paradigm for adults is NP + Pred P and neither Rule (7) 
nor Rule (8) results in this structure. However, Rules (7) and (8) are, 
roughly, the two halves of the basic adult pattern. With the exception of 
the initial pivot-word. Rule (7) defines an NP, and Rule (8) produces the 
Pred P of adult grammar. Thus, although the rules of the child 1 8 grammar do 
not result in well-formed sentences, they do appear to generate major 
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constituents of well-formed sentences. All the child lacks is the simultaneous 
application of both rules in the generation of a single sentence. This seems 
to have happened in about 15 per cent of the two-word sentences and in about 
10 per cent of the three-word sentences recorded at Time 1. These are the 
percentages of NV (e.g., Bambl go) , NNV (e.g., Adam Panda march) , and NVN 
(e.g., Adam change diaper) sentences. By this line of reasoning, one is 
led to conclude that a child's first grammatical productions are the NP's 
and Pred P's of adult grammar. Most often he produces them independently, 
though occasionally they are brought together to result in the skeleton of a 
well-formed sentence, and th* child says NV, NNV, or NVN. 

With time, of course, the frequency of NV, NNV, and NVN sentences increases 
In part, this may result from the relaxation of some restrictions on performance 
A child's growing memory span is a very good candidate here. But it is also 
possible that the basic NP + Pred P paradigm is not part of the child's earliest 
grammatical competence. He may still have to discover, after Rules (7) and (8) 
are within his repertoire, that in English they are to be used together. There 
is no way at present to decide this question. 

Nonetheless, the facts now available are consistent with the view that 
the earliest grammatical constructions are at least noun and predicate phrases, 
and on occasion, possibly full sentences. The early appearance of the basic 
structures of adult grammar is a finding of considerable interest, since it 
gives some Insight into what might be another aspect of the innate linguistic 
capacity of children. 

If one tries to account for the origin of the NP or the Pred P in child's 
gramnar, one iimaedlately encounters a shroud of mystery* Expressions like 
"somehow" abound in the literature. The difficulty lies in describing a 
reasonable mechanism by which children might arrive at hierarchical structures. 
Imitation is obviously inappropriate, since it cannot account for the emergence 
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of a constituent with psychological unity, and that is what we are concerned 
with here. Appealing, as some do, to the child's "creative abilities" is 
too vague to be of much help. We want to explain these abilities, if we can. 
Inference, or the formation of structures on the basis of analogy, is of 
little assistance, either; there is nothing in overt speech to suggest a 
hierarchical arrangement of sentences, so it is difficult to see on what 
basis a child could draw an analogy. The only evidence available to a child 
is his parents' distribution of NP's or Pred P's in the same sentence-positions 
as nouns or verbs. This could lead a child to imitate, but he would then be 
wedded to examples that his parents provided him, and the problem of 
productive and psychologically "real" hierarchical structures would not even 
be approached; we would still have no theory of what a child does to obtain 
these structures. But distributional evidence from parental speech can give 
a child nothing more than examples to imitate. The essential feature of 
hierarchical structures — that they are hierarchical — is abstract and completely 
unmarked in overt speech, yet children always discover these structures. In 
order to account for this feat, a principle fundamentally different from 
inference is required. 

It has already been argued that knowledge of the hierarchy of categories 
directs children to discover the classes of adult grammar. The fact that all 
a child's early sentences seem to be produced by Rules (7) and (8) leads to 
a parallel hypothesis that the basic grammatical relations also are part of 
Innate linguistic capacity. 

The grammatical relations are the concepts "subject of a sentence — 
predicate of a sentence", "main verb of a predicate phrase — object of a predicate 
phrase", "modifier of a noun phrase— head noun of a noun phrase." Each relation 
is defined in terms of the deep structure of sentences, by which is meant that 
they exist in competence as configurations in underlying phrase markers. Thus, 



McNeill 



38. 



the subject of a sentence is the NP immediately dominated by S; the predicate 
of a sentence is the Pred P immediately dominated by S; the object of a predicate 
phrase is the NP immediately dominated by Pred P; the main verb of a predicate 
phrase is the V immediately dominated by Pred P; the modifier of a noun phrase 
is the determiner immediately dominated by NP; the head noun of a noun phrase 
is the N immediately dominated by NP. By these definitions, each basic grammatical 
relation is uniquely specified by a configuration in the underlying phrase- 
marker of a sentence. They account for the fact, for example, that native speakers 
of English can correctly distinguish subject from object in the pair of sentences 
John is easy to please and John is eager to please , which have identical surface 
structure but quite different base structures. The subject in both cases is the 
NP immediately dominated by S — an unspoken "someone" in the first sentence, and 
"John" in the second, whereas the object is the NP immediately dominated by 
Pred P — "John" in the first case, and an unspoken "someone" in the second (Katz 
and Postal, 1964). 

Suppose that a child has these basic concepts as part of his biological 
endowment. Suppose that he knows, for example, what the relation is oetween 
main-verb and object. Then we credit him with the realization that in order to 
have a noun, say ball , operated on by a verb, say hit , the two words must both 
be part of a single sentence-constituent; and that if the noun and verb are not 
part of a single constituent, the meaning of the verb does not interact with 
the meaning of the noun. We can then see Rules (7) and (8) as inventions by the 
child that give the basic grammatical relations expression. They are the 
child' 8 solution to the problem of exploiting the concepts of main-verb, object- 
of-verb, etc. Rules (7) and (8), indeed, express the basic grammatical relations 
very economically. Rule (7) defines what a modifier and a head noun are, and 
Rule (8) defines main-verb and object. Moreover, if we assume that children's 
competence includes using Rules (7) and (8) simultaneously, so as to generate NV, 
NNV, and NVN sentences, the two rules also define subject and predicate. 
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By assigning the basic grammatical relations a place in the child's Innate 
linguistic endowment , we assume them to be universal. Greenberg (1963), in 
a survey of some DO languages, has found these grammatical relations to hold 
in every case; there appears to be no language lacking such concepts. Thus 
a child who knew them could commence acquiring any natural language by 
striving to discover how each of these relations is expressed locally. 

Brown '8 subject seems to have done this for English by Time 1. His 
sentences at this point show a perfect match with the patterns one would 
predict on the assumption that he was trying to express the grammatical re- 
lations. To appreciate the degree of constraint this places on a child's 
speech, consider the following arithmetic. As noted before, Brown's subject 

had three grammatical categories at Time 1: pivots, nouns, and verbs. There 

2 3 

are (3) • 9 different two-word sentences and (3) • 27 different three-word 

sentences that can be constructed from these three classes. However, only 

four of the two-word sentences and eight of the three-word sentences are 

consistent with the basic grammatical relations; the remaining patterns are 

inadmissable from this point of view — and none of them occurs in the child's 

speech . 



Insert Table 3 about here 



In Table 3 are all the sentences that express the basic grammatical re- 
lations under Rules (7) and (8) . Opposite each is the frequency of the pattern 
in the corpus of Brown's subject at Time 1. As the frequency distribution 
shows, sentences of every admissable type appeared in the child's corpus. 

This fact is not conclusive, of course, since we would expect most patterns 
to appear in a large sample of speech from a child who is trying out combinations 
at random. However, there is the additional fact that all the child's sentences 
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held these patterns; there were no others. The entries in Table 3 include all 
the child's corpus at Time 1. Thus, the child seems to confine his efforts to 
sentences that express the grammatical relations; but within these limits, he 
tries every possibility. 

It might appear that a child's sentences would reveal the patterns in 
Table 3 almost as a matter of course, perhaps even through imitation, since 
each pattern is present in adult speech. The difficulty is that there are many 
other two- and three-word patterns in adult speech as well, none of which 
correspond to the basic grammatical relations. A verb-verb-noun sequence, 
for example, is contained in come and eat your pablum; however, WN is not 
consistent with the basic grammatical relations, and it does not appear in 
the speech of Brown's child. Such inadmissable patterns, although presented 
to a child in abundance, are either suppressed or ignored — presumably because 
a child looks for ways to exemplify the basic grammatical relations. 

Throughout Table 3 it has been assumed that the child can apply Rules 
(7) and (8) together. Without this assumption, we would lose NV, NNV, NVN 
sentences, as well as the relation of subject and predicate. Striking these 
sentence- types from the record would reduce the size of the corpus, but it 
would not change the perfect agreement between the basic grammatical relations 
and the sentence-types that the child produced. Another assumption made in 
Table 3 is that pivot words never stand alone in a child's speech. This 
seems to have been true of every child studied. The assumption eliminates 
such patterns as PVN (e.g., that bounce ball) as admissable expressions of 
the basic grammatical relations. Finally, it has been assumed that verbs 
can be omitted from Pred P's as in Adam two boot , which to most adults, means 
Adam has two boots. This assumption accounts for NN, NPN, and NNN as patterns 



all corresponding to the subject-predicate relation. 
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We can now return to LAD and summarize what is known about the process 
of acquisition. We have said, following Katz (1965) and Chomsky (1965), that 
the internal structure of LAD consists of the various linguistic universals, 
both substantive and formal. We pointed out that the hierarchy of categories 
is a substantive universal. So now are the basic grammatical relations. 
Undoutedly, more universals than these two make up the internal structure of 
LAD; however, we can be most clear about the two that have been discussed, and 
attention will be restricted to them. 

We can imagine LAD going about its assigned task roughly as follows. 

Two things are done simultaneously, both of which make possible the remarkable 
induction of latent structure" that numerous psycholinguists have observed 
in children. LAD receives a certain amount of preliminary linguistic data, which 
it scans for distinctions that match the distinctions drawn in the universal 
hierarchy of categories. Since LAD is exposed to a natural language, some of 
the universal distinctions are bound to be present. Thus, we can imagine that 
whenever LAD observes such a distinction in the preliminary linguistic data, 
it is incorporated into LAD’s own version of the underlying grammar. The 
function of the preliminary data, therefore, is to give LAD a basis for 
selecting among various universal distinctions. The function of the universal 
hierarchy of categories is to organize the preliminary linguistic data. More- 
over, since it is a hierarchy of categories, distinctions can be drawn 
successively and LAD embarks upon its career by differentiating gross categories 
to obtain refined ones. 

At the same time, LAD searches the preliminary linguistic data for 
sentence-patterns that correspond to the basic grammatical relations. Pre- 
sumably LAD recognizes sentence patterns within limits set by the grammatical 
categories it has differentiated, so LAD's activity here is not independent 
of what it does with the universal hierarchy of categories. Each pattern in 
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the preliminary linguistic data that corresponds to a basic grammatical relation 
will suggest one or another hierarchical structure to LAD. However, the basic 
grammatical relations leave open only a few possibilities, so LAD has a very 
good chance to hit on the locally appropriate structures soon after it begins 
to collect data. It is committed to the NP + Pred P format for sentences, 
and within this limit there are only two possible orders of constituents: 

(NP + Pred P) and (Pred P + NP) . There are only two possibilities for Pred P: 

(V + NP) and (NP + V). Likewise, if LAD has only pivot and noun classes, 
there are just two variants of NP: (P + N) and (N + P) , plus a third, (N + N) , 
where order is irrelevant. LAD must discover from the preliminary linguistic 
data the particular orders of constituents used in its local language. 
Distributional evidence of various sorts could be useful at this point, and a 
certain amount of hypothesis-testing will become necessary. That is, LAD's 
first choice may not predict later sentences. However, the only possible error, 
if this hypothesis is correct, is inversion — for example, using Pred P + NP 
for S when trying to learn English. This inversion is, in fact, a common 
pattern in early speech — c.f., allgone shoe in Braine's subject. However, LAD 
does not have to discover from the preliminary linguistic data the fundamental 
fact that hierarchical structures exist; that is implied — indeed, required — by 
the definitions of the basic grammatical relations. 

The role of the preliminary linguistic data in acquisition, therefore, 
is essentially directional. They help LAD to choose among a narrow set of 
possibilities defined by the linguistic universals. To quote Katz (1965, 

P. 47, footnote 36), "...the role of experience is primarily to provide the 
data against which predictions and thus hypotheses are judged. Experience 
serves not to provide the things to be copied by the mind, as on the empiricists' 
account, but to help eliminate false hypotheses about the rules of the language." 
LAD must be equipped with knowledge of just those specific aspects of linguistic 
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competence that cannot be extracted from overt speech, namely, appropriate 
generic grammatical classes and hierarchical structures. (There are other 
requirements that have not been treated; for a more extensive discussion, 
see Katz, 1965.) We might turn this assertion around and say that languages 
have deep features, unmarked in overt speech, precisely because children 
(like LAD) have the specific linguistic capacities that correspond to them. 

A language with different features would be unleamable by LAD and, pre- 
sumably, by children. The ©volution of language so as to include particular 
universal features, therefore, is necessarily tied to the linguistic capacities 
of language learners. 

It has already been argued that adults can interpret the speech of 
children because it is, in effect, at some intermediate level of grammati- 
cality; the reasoning there had to do with the hierarchy of categories through 
which children move. We have in the basic grammatical relations, another 
reason that adults find children's speech interpretable: all children's 

sentences are generated by simple rules — or their inversions— that also exist 
in adult grammar. Indeed, the basic grammatical relations and the hierarchy 
of categories, taken together, almost guarantee that everything children say 
can be understood by adults (problems of pronunciation aside, that being a 
different matter), even though the speech is very telegraphic. Every sentence 
will be constructed by Rules something like (7) and (8) operating on classes 
generlcally related to the classes of adult grammar. Children's sentences, 
in fact, are semigrammatical and exactly comparable to the examples from 
Chomsky that we saw above. This fact has important consequences for the re- 
action of adults to child speech: it makes possible "expansions" of child 

speech into completely well-formed English. Expansions often occur in child- 
parent dialogues, end they may be an important source of information by which 
children choose among the possibilities offered by the linguistic universals. 
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Expansions have been discussed by Brown (1964); we return to them later when 
we take up the role of parental speech in acquisition. 

Early speech of children, so much as we have seen of it, reflects a 
severely limited grammatical competence. They have a few grammatical classes, i 
wh.ich are used in simple hierarchical rules, and the rules reflect the basic 
grammatical relations; there is little else. However, it is important to note 
that these aspects of children's competence-- classes, rules, and relations— 
are all properties of the base structure of sentences. On the other hand, 
children's earliest speech does not reflect the operation of transformational 
rule**; those come into children's grammar only later. Fu31 adult competence 
includes semantic interpretation of base structures to obtain meaning; trans- 
formations of base structures to obtain surface structures; and phonological 
interpretation of surface structures to obtain a representation of speech. 
Therefore, it is not too unreasonable to think of children "talking" base 
strings directly. We can conceive of their phonological rules as interpreting 
base structures rather than surface structure in the generation of sentences. 
Children, according to this view, begin their grammatical careers with the 
part of syntax that is necessary to semantic interpretation, and only later 
attach the grammatical machinery that in mature grammar provides input to 
phonological interpretation. The phonological interpretation of base instead 
of surface structures might help explain some characteristics of infant 
pronunciation since presumably not every phonological rule can be applied 
directly to simple base structures. The ab sense of surface structure might 
also help account for the wide-spread impression that children's early speech 
is exclusively semantic, an assertion that overlooks the features of base 
structure that are present in children's early competence, but is correct 
in that relation between sound and meaning is much more rigid and (in & way) 
immediate for children than it is for adults. The often remarked-upon 
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identification of the sound of a word and its meaning, which seems to be most 
typical of children, might be another aspect of this condition. 

An interpretation of Vygotsky's (1962) concept of inner speech is suggested 
by this view of early competence. If phonological rules apply to deep structure 
directly, it should be difficult to avoid saying whatever you think. The privacy 
of inner speech may be afforded by the existence of transformational rules; and 
until they are added to the grammar, inner speech would not occur. That situa- 
tion is roughly what Vygotsky observed in young children. Perhaps, therefore, 
these children were pre- transformational, not necessarily excessively social, as 
Vygotsky thought. Vygotsky said that inner speech is "speech almost without words", made 
up almost entirely of psychological predicates. The fact that inner speech is almost 
without words would follow naturally from the assumption that it consists of 
the untransformed base structure of sentences. In fact, inner speech should be 
completely without words, since phonological interpretation is not applied 
directly to base structures for mature speakers. However, Vygotsky's claim 
that inner speech is largely reduced to predication is harder to account for; 
perhaps , like some early sentences from children, inner speech generally follows 
Rule (8) . 

One conclusion implicit in all the preceding paragraphs is sufficiently 
important to be made explicit. If children begin their productive linguistic 
careers with a competence limited to the base structure of sentences, it is 

$ 

difficult to see how it can be explained by any theory of language acquisition 
that restricts attention to what a child might obtain from the observable 
surface characteristics of parental speech. Such theories Would have to predict 
the opposite course of development: first, surface structure; then base 

structure. Most behaviorist theories have assumed this order, with notable 
lack of success; failure is Inevitable when children produce only the base 
structure, and behaviorist theories produce only the surface structure of 
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sentences. What is needed is either a child who commences acquisition with 
surface structure or a theory that focuses on base structure. Since it is 
easier to change theories than children, the latter course has been followed 
here. 

A widely accepted generalisation about languages Ir that th ere is a close* 
connection between phonology and syntax, especially in the imposition of into- 
nation contours. The existence of this connection has caused some psycho- 
linguists to suggest that intonation — which is observable in speech — might 
be the vehicle on which children arrive at the rudiments of syntax. At first 
glance, this is a plausible view. In its favor is the fact the children, even 
before the first birthday, imitate intonation contours in parental speech. 

There is also the fact that early grammatical speech is telegraphic in that 
it leaves out the unstressed elements of well-formed sentences, thus indicat- 
ing that children are sensitive to intonation differences. However, this view 
can be questioned on logical grounds. Lieberman (1965) compared the ability 
of linguists to transcribe the intonation contours of real speech with their 
ability to transcribe physically identical contours of simulated speech that 
consisted of a single prolonged vowel sound. He found that the linguists' 
transcriptions matched the actual physical contour only on the simulated speech. 
When the linguists transcribed real speech, the actual and the perceived 
intonation contours often differed strikingly, which suggests that structure 
is an important source of information about perceived intonation, but not vice 
versa. A pre-llngual child listening to adult speech is in a position comparable 
to Lieberman' s linguists transcribing a simulated vowel. A child is not 
comparable to Lieberman 's linguists transcribing real speech. Infants could 

note only the physical contour in parental speech, not the perceived contour 
that is correlated with grammatical structure. It is difficult, therefore, to 
see how intonation could guide a child to syntax; for no matter how strong . the 

o 
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tendency is for children to imitate speech they receive from their parents, 
they will not Imitate the appropriate features unless Important parts of the 
syntax have already been acquired. 

Growth of Transformations 

If children's earliest syntactic competence comprises the base structure 
of sentences, then obviously the major portion of acquisition after this 
point will be taken up with the growth of transformations. We know little 
about this phase of development, aside from the fact that transformations 
appear relatively late in a child's career. The late appearance of trans- 
formations, of course, is one reason we know little about them. Most projects 
have not yet continued long enough to cover the period during which trans- 
formations develop. However, one study of two children has recently been 
completed by Bellugi (1964), and is reported elsewhere in this volume. 

Her work— while limited to negation— i 8 the only complete history of the 
development of transformations that is familiar to this writer, although 
scattered bits and pieces have been described by Ervin (1964) and Menyuk 

(1963, 1964) has published the results of several surveys. 

* 

To discover the exact point at which a child's grammar contains trans- 
formational rules is a difficult, obscure problem. In the case of negation, 
we probably are safe in assuming that the earliest sentences with negative 
import are not generated by transformational rules. Rather, they seem more 
like base-structure sentences with an underlying NEG morpheme that the 
child pronounces. Bellugi gives such examples as: no wipe finger , not fit . 

no singing song , no drop mitten . These sentences probably were produced by 

simply prefixing no or not to Rule ( 8)5 hence, their close relation to base 
structure. 

Such untransformed negative sentences are an example of what seems to 
be a general phenomenon in the acquisition of language. It is the appearance 
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in child speech of forms that are analogous to adult forms, but with very different 
structure. In some cases, as in the present one, we feel confident that the child' 
form is essentially the base-structure on which a transformation will ultimately 
operate. Perhaps this is always the case, although we cannot invariably tell. 

But regardless of that, the analogy of form raises a difficult question — namely, 
why do transformations develop? In part, the task of this section will be to 
seek an answer to that question. 

Bellugi divides the growth of the negative system into four periods. The 
essentials of the first period (roughly Time 1 above) are what we have just seen. 
The only other feature at this point is a rudimentary negative question (NQ), 
why not ? Since why appears in no other context, the pair of words, why not , 
are probably a single vocabulary item for the child. On the other hand, why 
not? seems to be a construction. The 1 . makes the difference. A rising 
intonation is a child's only form of query at this time, and he applies it to any 
declarative sentence, as in that Urler suitcase? Thus NQ, even at this early 
stage, can be broken into two parts: negation (why not) and query (?), in 

much the fashion of the NQ transformation of adults (Miller, 1962; Mehler, 

1963). Again, however, a child's sentences have a form appropriate to the 
base structure of English grammar; the rising intonation, J?, seems to result 
from direct application of phonological rules to a base structure that can 
be regarded as containing the query morpheme, Q. Thus NQ does not come from 
application of either a negative or a query transformation, and Period 1 
appears to be pre-transformational. 

Period 2, which comes some 3 to 6 months later, depending on the child, 
still contains no signs of transformations. There is, nonetheless, a con- 
siderable flowering of negative forms. Altogether, they appear in five different 
and unrelated grammatical settings: they occur with Rules (7) and (8), as 

in that no fish school ; they occur as wby not plus negative sentence to form 
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NQ, as in why not cracker can’t talk : they come up as separate vocabulary, don f t 
and can*t . as in I don’t sit on Cromer coffee : they appear in imperatives, don 1 t 
eat daisy : and they appear, as in Period 1, in base structures seemingly 
printed out directly as in no Rusty hat . The situation is cumbersome and in- 
elegant, two characteristics that might lead to the events of Period 3. 

Period 3 is again 3 to 6 months later, depending on the child. If 
one characterizes the negative system as in Period 2, there is even more 
diversity, cumbersomeness, and inelegance. Negation appears in full adult 
form — with terminal contour and juncture — in no, it isn’t . It continues to 
appear in the form of can*t and don * t , as in I can’t see it . However, now 
can also occurs as an auxiliary verb in the child* s sentences (I can do it) , 
so we have grounds for assuming that -n*t is a negative element in its own 
right. Negation appears in copular sentences, sometimes with a form of the 

verb be (I am not a doctor) , sometimes not (that not a clown) . The verb be 
thus appears to be an option for the child. Also, there are telegraphic 
versions of be-auxiliary sentences that contain the negative (I not crying) . 

In this case, however, be is never included, so the environment for negation 
differs in auxiliary and copular sentences. Negative questions are changed 
from Period 2, being now only an inversion away from the full adult form 
(why I didn’t see something? ). The formula why not has disappeared. Negation 
is used for the first time with an indefinite determiner and pronoun: you 

don*t want some sugar . Such negative sentences are parallel to affirmative 
sentences with the same determiner and pronoun (you want some supper) , and 
both types are probably generated by the same rules that produce I can see it . 
and I can’t see it . Finally, negative imperatives (don*t touch the fish) 
continue unchanged, and in adult form, from Period 2. 

In all, negatives appear in seven different environments. Considered 
superficially, these require seven (or, taking determiners and pronouns as 
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instances of the negative declarative, six) different rules. The child's 
mind appears to be a clutter of special cases. 

However, there is reason to believe that the child's sentence-generating 
rules are not as they have just been described. Sentences such as no wine 
finger , no Rusty hat , and not fit have disappeared altogether by Period 3. 

These sentences were interpreted to be the result of a child applying his 
phonological rules directly to base structures. Assuming this Interpretation 
to be correct, the fact that these sentences have disappeared suggests that 
the child is now transforming base structures and applying phonological 
rules to the resulting surface structures. Thus, a fundamental change 
may have taken place in the system of negation by Period 3. For the first 
time the child may use transformational rules and so produce sentences with 
both base and surface structures. It is significant, then, that there is 
in Period 3 the first indication of an auxiliary transformation, as evidenced 
by affirmative sentences with can (e.g., I can see it) . Bellugi's paper 
should be consulted for many more examples that document the emergence of 
transformations at this point in a child's development. 

What causes a child to develop transformations? Since transformations 
do not affect the semantic content of sentences, their growth cannot be 
ascribed to some desire to express, say, the concept of negation. Moreover, 
in the case of this particular transformation, we found the child in possession 
of the appropriate semantic apparatus before he had any transformational 
rules at all. What, then, propels a child to devise sophisticated transforma- 
tional rules such as NEG- repositioning or the auxiliary transformation 
(Klima, 1964)? 

The answer reflects a basic fact about language acquisition which goes 
beyond the transformations themselves. It is convenient, however, to Introduce 
the argument first in terms of transformational rules, and point out the 
implications for other departments of language acquisition later. 
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At Period 2, the child's negative system did not appear to involve trans- 
formational rules. Instead, negation was derived directly from the base structure 
in five independent grammatical settings. We characterized this system as 
cumbersome and inelegant. These adjectives would apply with even more force 
in Period 3, except that by then, the child showed signs of using transforma- 
tional rules. That is, and this is the point, the transformation achieved some 
economy of rules for the child. Rather than seven (or six) different rules for 
placing the negative, the child has only two — both transformations. 

The child seems to operate like a professional grammarian who takes 
advantage of the fact that transformations a^e intrinsically more powerful 
than base-structure rules, and so can express grammatical concepts more 
economically. The pressure — or, if you prefer, the motivation — to devise 
rules of transformation may come from the cognitive clutter that results 
from not having them. In Period 1, the child had to remember only two 
rules for the placement of the negative. In Period 2, he had to remember 
five. By period 3, if it were not for transformations, he would have had 
to remember six or seven. It is possible, then, that the load on the child's 
memory by Period 2 was so great that the two transformational rules we observe 
in Period 3 were precipitated. The pressure here to change must be considerable. 
The child needs to process sentences in short intervals of time; presumably, 
it takes less time and a child tends to forget less when the placement of the 
negative is done by transformational rules rather than by independent base- 
structure rules. 

This hypothesis, of course, is not complete. It provides a motive for 
the development of transformations that is purely aversive. We can suppose 
that a child wants to escape the mess into which his base-structure grammar 
places him, but escape to where? By now, this is a familiar problem. Once 
again we can appeal to linguistic universals to guide the child. This time 
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we must evoke formal universals; some of these will specify the general form 
that base-structure rules, such as Rules (7) and (8), must take; others will 
describe in a general way the form of transformations. One part of the formal 
universals pertaining to transformations, presumably, would be a characteriza- 
tion of appropriate input, viz., a phrase-marker from the base-structure. Thus, 

the clutter of special purpose rules in Period 2 would present exactly the 
conditions a child would need to formulate transformational rules — providing 

that he knew roughly the format of transformations and the fact that they 

take base-structure as input. 

This basic schema — developing the simplest possible grammar, experiencing 
pressure from too many special cases, reducing the pressure by resorting to 
new grammatical devices that accord with the linguistic universals — can be 
applied to all the steps of language acquisition that we have discussed so 
far. In so doing, we can raise the problem of the motivation for language 
development . 

Why Does Child Language Change? 

The earliest vocalizations of Infants and the evloution of babbling during 
the first year of life are matters of maturation (Lenneberg, forthcoming), and the 
original impetus to language acquisition probably lies in this maturational 

process. However, our interests are now in the developments that take place 

# r 

after the child first begins to produce single-word utterances; we may take 
it for granted that the child is already moving in the direction of language 
by this time. The problem we shall consider is analogous to the one discussed 
with the transformations: a child always moves on to a new system, even though 

his original system appears to meei. the purely functional purpose of expressing 
his needs, desires, and interests. From a strictly functional point of view, 
there is little reason for child language to change. 
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Let us assume that compiling a sentence dictionary would be one way to 
meet the requirement that linguistic competence include the ability to assign 
semantic interpretations to sentences (Miller, personal communication). If 
we were to undertake this task, we would try to construct a list of all the 
simple sentences of English and pair them with their interpretations. However, 
such a dictionary, while feasible in theory, would not be possible in practice. 
There are simply too many grammatical sentences that must be included. In 
this light, the semantic theory described by Katz and Fodor (1963) and 
Katz and Postal (1964) can be regarded as a substitute for the dictionary. It 
has, as Miller pointed out, the same effect as a sentence dictionary but not 
the same bulk. ; 

Children between the ages of 12 months and 18 to 24 months produce only 
one-word utterances. Most often these are nouns in adult gr amm ar, but verbs 
and adjectives appear in some numbers also. Many observers consider these 
single-word utterances to be "holophrastic", by which is meant that each word 
has a much broader and more diffuse meaning for a child than it does for 
adults (McCarthy, 1954) „ In effect, holophrastic words stand for sentences. 

The utterance "milk", for example, can mean for a one-year old "I want some 
milk", "The milk is on the floor", "Don f t give me any more milk; I want 
pablum", etc. A range of meanings, at least, is the impression one gets 
from the range of circumstances in which the child produces these single-word 
utterances. If they are holophrastic,, it is conceivable that single-word 
utterances indicate that the child is trying to construct a dictionary 
in which each word corresponds to a sentence- interpretation. 

But if that is the case, why do children change? If each word expresses 
the meaning of a whole sentence, why abandon this simplicity for the contrap- 
tions of English syntax where the same content is expressed in a more complex 
manner? There might be two reasons. One is that the child is constantly 
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adding new words to his vocabulary, and soon the list becomes too long; it is 
the same difficulty that causes us to reject a sentence dictionary in semantic 

theory. It is true that a child's vocabulary increases from one or two words 
when he is a year old to approximately 200 words by the time he is two years 
old (Smith, 1926). However, this number is not yet so great as to force a 
child to abandon his lexicographic project; no matter what grammatical develop- 
ments occur, he will still need a dictionary. Indeed, he will have to increase 

* 

it further by a very large factor. So it cannot be the number of entries that 
motivates him to change his strategy. A second factor is probably more 
important. In the beginning, each entry, although it sounds like a word to 
adults, is a sentence for the child, which means that each entry actually has 
a great number of different interpretations, is highly ambiguous, and can only 
be disambiguated by knowledge of its context. If we measure memory load, not 
in terms of the number of entries, but in terms of the number of interpreta- 
tions a child would have to remember if he persisted in his attempt to 
construct a holophra3tic dictionary, then the size of the project would actually 
be much greater than it might seem, and communication efficiency would be 

impaired by its intrinsic ambiguity. By resorting to a word dictionary supple- 
mented by syntactic and semantic rules, a child not only reduces the number of 
interpretations he will eventually have to remember, but also gains precision 
of expression by increasing the variety of his sentences and thus decreases 
the overall ratio of interpretations per sentence. 

According to this view, the driving force behind language development 
is the rapidly growing variety of semantic interpretations for which the 
child must find some means of differentiation and expression. (A similar 
idea has been under development by Gloria Cooper [personal communication] .) 

A holophrastic dictionary fails both on grounds of size and ambit .xty; a 
sentence dictionary fails on. grounds of size; a word dictionary supplemented 
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by syntactic and semantic rules provides the eventual solution. If we imagine 
a child beginning with a holophrastic dictionary, shifting to a sentence dictionary 
for greater precision, and finally shifting to a word dictionary to reduce the 
memory load as his vocabulary grows, then we would expect to find initially a very 
intimate relation between sound and meaning which would first give way to 
mediation by simple base-structures of the syntax and ultimately to mediation by 
the whole complex structure of transformational grammar. Which is, of course, 
exactly the sequence that has been described in the preceding pages. 

To say that a need for precision and cognitive economy motivate the 
developmental seq*'3nce is not to explain how a child is able to meet these needs, 
or why he chooses the particular manner of meeting them that he does. For this 
we can only appeal to the child's innate facultd de langage . Since all languages 
have this general structure, and since all children seem able to acquire its 
local manifestation in their own communities, we assume that this ability is 
part of a child's natural endowment as a human being. This claim is much 
stronger than most would care to make, but nothing less seems adequate to account 
for the facts as they are known at the present time. 

The Role of Parental Speech in Language Acquisition 

It was said above that parental speech serves the function of helping a 
child to choose among a narrow set of possibilities defined by the linguistic 
universals. The basic grammatical relations, for example, commit a child to 
an NP + Pred P format for sentences, but they leave the order of these con- 
stituents unspecified; it might be NP + Pred P or Pred P + NP, and a child 
must discover which it is from parental speech. The role of parental speech 
is essentially directional; it provides a child with some basis for choosing 
among the options offered by the linguistic universals. The purpose of this 
section is to discuss what is known about this process of choice. 
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There are many points in grammar at which we might study the role played 
by parental speech. We could, for example, look at a child's decision to u&e 
NP + Pred P rather than Pred P + NP; or we could examine the pairing of words 
with entries in the dictionary as a child develops his lexicon; or we could 
study a child's discovery of the significance of the distinction between mass 
and count nouns in English, etc. Indeed, parental speech will play the role 
of arbitrating choice at every point in acquisition, for it is probably true 
that linguistic universals never so determine competence that there are no 
alternatives open to a child. The basic grammatical relations — where evidence 
from parental speech must decide between just two possibilities— probably 
represents the maximum degree of constraint imposed by the universals. Else- 
where, the degree of constraint appears to be l^ss. One such case is the 
acquisition of noun and verb inflections in English. The importance of 
linguistic universals in a child's learning to use these inflections is 
not less than in the development of hierarchical rules, but the number of 
possibilities consistent with the universals is much larger. In the case of 
the plural inflection on nouns, for example, any number of phonemes situated 
anywhere on a word would be consistent with the universal requirements that 
phonemes must be constructed out of distinctive features and that the rules 
for adding plural Inflections to sentences must correspond to the formal 
universals. Given these universal constraints, there is still an enormous 
number of possibilities from which a child must choose, Including the option 
of not marking plurality in the surface structure at all. Thus, we might 
expect that the use a child makes of parental speech will be more obvious, 
since parental speech must perform a larger task, in acquiring noun and verb 
inflections that in acquiring the NP + Pred P order for sentences. It is 
fortunate, therefore, that much of the recent work on language acquisition 
has focused on precisely this problem. 
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Two techniques have been commonly employed to study the development of 
noun and verb inflections. One is simply to note the occurrence of inflec- 
tions in a child's speech. With such data, we can inquire whether regular or 
irregular forms appear first, whether the order of appearance of Inflections 
corresponds to the frequency with which they are used in speech, etc. The 
other technique is to introduce a child to nonsense nouns, verbs, and the like 
to see if he can apply inflectional rules to "words" that are completely 

i 

novel, ones for which there are no parental models. The advantage of the 
second technique is that it eliminates the possibility that a child will 
place an inflection appropriately merely by imitating parental speech. As 
always, we are interested in the productive use of linguistic forms, but 
so long as actual words are used to test a child's grasp of inflectional 
rules, correct performance through imitation is always a theoretical possi- 
bility. The fact that a child says glasses does not necessarily indicate 
that the rule for forming plural nouns is part of linguistic competence,, 

There are other ways to assure ourselves that children have productive 
inflectional rules, the main one being the occurrence of systematic errors 
(e.g., foots ) . but the introduction of nonsense words is one of the easiest 
techniques to use. 

Berko (1958), in a well-known paper, was the first to study children's 
inflectional rules by introducing children to nonsense words. She presented 
4 and 5-year-old children with monosyllables such as wug . saying "Here is 
a vug; now there are two of them; there are two...", her voice trailing off, 
hoping to elicit from the child the plural, wage . If that is what she got, 
the child would be credited with knowledge of the inflectional rule that 
governs the addition of plurals to nouns. To test for verb Inflection, she 
might hav* said "Here is a man who knows how to wug; today he lswugging; 
yesterday he...", looking for the past tense, wugged . In general, Berko 
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found that most 4- and 5-year-olds had mastered the inflectional rules of 
English, though her 5-year-olds did better on most items than her 4-year-olds, 
so some growth continues as late as age 5. 

Although Berko's results show that 4- and 5-year-old children have largely 
mastered the inflectional rules of English, her findings indicate nothing about 
how acquisition proceeds. For this, we must turn to studies where the develop- 
ment of individual children is followed over time. It is in the emergence of 
noun and verb inflections that we can see the role played by parental speech 
in acquisition. 

The role of overt practice 

The assumption that practice somehow plays a determinative role in language 
acquisition is, perhaps, the original psycholinguistic theory. It has figured 
in one or another psychological speculation since at least the 1920's (e.g., 
Allport, 1924), and the tradition continues unbroken, though not unmodified, 
up to the present time (e.g., Jenkins and Palermo, 1964). The basic asser- 
tion in all such theories ia always that there exists a fundamental continuity 
between language acquisition and the forms of learning studied in the psych- 
ological laboratory. This view has been questioned on general grounds by 
Miller (1965). However, our concern is now more specific: does practice- 
theory characterize what children do in order to find the locally appropriate 
expression of the linguistic universale? This question, it should be noted, 
already represents a considerable reduction in the customary scope of practice- 
theory. Some authors seem to believe that all of language acquisition can 
be attributed to the gradual strengthening of responses. It is clear, however, 
that this sanguine view is condemned to frustration, for there are no responses 
to be strengthened in the base structure of language, and in any case, practice- 
theory cannot explain how a child bridges the gap between elevated response- 
strength and linguistic competence. But it is conceivable that practice is 
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important within the restricted portion of language acquisition that has to 
do with the discovery of the locally appropriate expression of the linguistic 
universale. Perhaps a child is able to integrate into his innate linguistic 
competence just those surface features that have developed u^me degree of 
response-strength. One hypothesis, therefore, is that response-strength 
is a child' s criterion for choosing among the possibilities offered by the 
linguistic universals. 

Any version of practice-theory, including the one just suggested, rests 
on two fundamental assumptions. One is actually the basic assertion of all 
such theories, the assumption that linguistic forms can be strengthened by 
practice. The other is that the forms that a child practices are novel in 
his grammar. The consequences of both assumptions are important. Suppose, 

for example, that practice does not strengthen a child's grip on linguistic 
forms; then the value of practice (as a criterion, or whatever) would be 
completely lost. Suppose, on the other hand, that practiced forms are not 
novel, that a child practices only forms that have arrived in his grammar 
from some source other than practice; then the effects of practice, however 
great they may be in strengthening responses, cannot cause a child's grammar 
to change. This second assumption — that practiced forms are novel to a 
child '8 grammar — is the familiar theory that acquisition proceeds through 
imitation. It is only through imitation that practice could influence the 
introduction of new forms into a child's grammar. Obviously, a child could 
not acquire a form by spontaneously practicing it; in that case, the form 
has already been acquired. We can evaluate the hypothesis that a child 
enlarges his grammar by imitating adults by inquiring if imitations contain 
features of adult grammar that are otherwise absent from a child's speech. 
Ervin (1964) has made this comparison for the imitations of five children. 

For each child, she compared the spontaneous imitations in her records to 
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the grammars written from her subjects* unimitated free speech. She found that 
imitations and free speech were identical for every subject except one, and 
in this case imitations were grammatically more primitive. The children's 
imitations were not, as Ervin put it, "grammatically progressive". If a 
child was not producing the progressive inflection, for example, he would 
not imitate it: Adam is running fast might be imitated as Adam run or run fast 

but not as Adam running or running fast . In short, children assimilated adult 
models to their current grammars; when there was no place for -ing in the 
grammar, -ing did not appear in imitation. But, of course, assimilating 
imitations to current grammar means that imitation cannot change the grammar. 
The suffix -ing must enter a child's competence in some other way. 

The signs are that sometimes a child's tendency to assimilate adult 
models into his current grammar is so strong that even when he makes a 
deliberate effort to copy adult speech, the effort may at first fail. One 
child, who was in the phase of producing double negatives (cf., Bellugi, 

1964), while developing the negative transformation, had the following 
exchange with his mother: 

Child: Nobody don't like me 

Mother: No, say "nobody likej3 me" 

Child: Nobody don't like me 

(eight repetitions of this dialogue) 

Mother: No, now listen carefully; say "nobody likes me " 

Child: Oh! Nobody don't likes, me 

The exchange is interesting because it demonstrates the relative impenetra- 

i 

billty of the child's grammar to adult lodels, even under the instruction 
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(given by the mother’s "no”) to change. The child behaves at first as if he 
did not perceive the difference between his mother's sentence and his own, 
though later, when the mother supplied great emphasis, the child recognized 
a distinction. With this much delay in introducing changes, spontaneous 
imitations are bound not to be grammatically progressive since they consist 
only of a single exchange. The fact that a change ultimately was made, however 
illustrates that children can profit from adult models. We shall return to 
this possibility below when we discuss parental expansions of child speech. 

In any case, it seems clear that one assumption of practice— theory is 
not supported by the facts of language acquisition. Let us now examine the 
second of these assumptions, the basic assertion that practice increases 
re8pon8e~strength . Since we know that practice does not lead to the in- 
corporation of novel forms, changes in response-strength could affect acquisi- 
tion only in stablizing grammatical features already acquired. Perhaps new 
forms , whatever the manner by which they enter the grammar, are at first 
unstable and practice is essential for their solidification as smoothly 
running grammatical skills. The question in this case becomes one of inquir- 
ing if forms that receive much practice are more stable than forms that reralve 
little practice. Practice may be given through Imitation or through spontaneous 
use. Ervin (1964) again has appropriate observations. She was interested 
in the emergence of the past-tense Inflection on verbs. In children's earliest 
speech, verbs are unmarked for tense. A child will say Adam go . regardless 
of whether the event referred to took place yesterday, or will take place 
tomorrow, or is taking place while the child speaks. Ervin searched through 
her records for the first occurrence of any verb marked for the past tense, 
and found that these were always strong verbs, that is, ones that form the 
past tense irregularly • It is well known that children regularize the past 
tense of strong verbs: they say corned, jgoed, and sitted, on analogy with such 
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regular verbs as looked «. w alked , and laughed , a tendency that often persists 
into grade school. However, Ervin found that the initial past-tense inflections 
of strong verbs took the correct adult form. The first occurrence of the 
past tense were words such as came , went , sat , etc.; the regularizations come 
later in a child's career. The same order of events — past tense appearing 
first in correctly inflected strong verbs — appears also in Brown's records. 

There is nothing surprising in this fact when we take into consideration the 
high frequency with which the strong verbs occur in parental speech, and 
their early emergence probably indicates that they are learned as vocabulary 
items , picked up independently of the corresponding unmarked verba. The 
strong verbs are frequent in child speech as well, and once a child possesses 
came , went , sat , etc., he finds many opportunities to use them. Many more 
opportunities, in fact, than he finds to use the weak, regularly inflected, 
verbs. Consequently, a child receives much more practice on individual strong 
verbs in the past tense than he does on individual weak verbs, with or with- 
out inflections. If practice offers stabilization of linguistic forms, the 
correctly inflected strong verbs ought *0 be fairly well anchored in a child's 
repertoire. However, they are not. Indeed, they turn out to be far less 
stable than the weak verbs that receive little practice. Ervin searched her 
records for the first occurrences of the regular past-tense inflection, -<d, 
and discovered what at first seems to be a paradox: the first regular inflec- 

tions appeared on the strong verbs. She observed the children in her sample 
saying corned , goed . sifted , etc., before she observed them saying looked . walked , 
laughed . etc., as if the children were able to generalize before there was 
anything to generalize from. The explanation of this apparent anomaly is that 
Ervin's samples of speech, being of small size in relation to a child's total 

Tr 

output, failed to pick up any of the correctly inflected weak verbs that must 
have existed. Because the strong verbs are frequent and the weak verbs are 



o 

ERLC 



McNeill 



63 . 



infrequent, the regular past-tense inflection had a better chance of appearing 
in the speech records on the strong verbs; chance so worked out in Ervin 7 a 
samples that the miraculous appeared to happen, and strong verbe registered 
the regular past- tense inflection before weak verbs did. But none of this 
robs Ervin’s findings of their force; the very difference in frequency that 
favored the appearance of the strong verbs means that highly practiced forms, 
the strong verbs, were so unstable as to be swept away by a few occurrences 
of the regular past-tense inflection on weak verbs. Indeed, the number of 
occurrences of these verbs was so small that they did not appear in Ervin's 
records . 

*■ a 

What is the cause of this remarkable instability of the strong verbs? 

It seems to be that each strong verb, although frequent, is unique unto 
itself. In contrast, the weak verbs, although infrequent, all exemplify a 
pattern. Apparently patterns weigh more heavily with children than frequency 
of repetition does. In the case of the past- tense inflection, therefore, 
it seems that response-strength is not the criterion by which a child 
chooses among the possibilities offered by the linguistic universals; ratheir, 
a child’s criterion appears to rest on the occurrence of the same form in 
analogous constructions in parental speech. The appearance of /t/ and /d/ 
as suffixes on verbs in parental speech apparently suggests to a child a rule 
that converts the "past" morpheme of the underlying structure, which may be a 
possibility offered by the universals, into /t / or /d/, which is a feature 
unique to English. A child’s criterion for adopting features from parental 
speech, therefore, may be to accept only those parental features that can be 
produced by a rule, a criterion that only patterned features, such as the 
weak verbs, will meet. On this criterion, the amount of practice given to 
a feature is less relevant to language acquisition than the ability of a 
child to notice that a feature is part of a pattern. Insofar as verb 
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inflections are representative, the paradigm for finding the locally appropriate 
expression of the universale is the concept-attainment experiment, not the rote- 
learning experiment. Other features of English should be examined from this 
same point of view; it may turn out that practice plays some role in acquisi- 
tion, although on present evidence, this role appears to be peripheral. 

We have seen that imitation is not the means of introducing new forms 
into a child 1 s grammar; now we see that whatever salutary effects on practice 
imitation might offer, practice may not be very important to language acquisi- 
tion. The fact is, nonetheless, that children imitate adult speech a good 
deal. Roughly ten percent of all utterances recorded in Ervin’s project were 
imitations (Ervin, 1964), and similar proportions of imitations have been 
found in Brown's records (Slobin, 1964). We can barely even speculate on 
why children imitate so much. Part of the mystery may be removed, however, 
if we note that the difficulty in explaining imitation is probably not 
unique to imitation. Aside from its potential for introducing novel forms, 
imitation does not seem to be different from the spontaneous verbal play 
that Weir observed in her son's bedtime soliloquies (Weir, 1962). It mav 
be unimportant that parental speech happens to initiate the play that we 
call imitation; by seeking some special function for imitation, we may 
have allowed children to deceive us. That a child is actually at play 
when he imitates is the compelling suggestion of the following fugue by 
one of Brown's subjects (mentioned by Slobin, 1964): 

Adult: That's the tattoed man 

Child: Tooman. Tattoo man. Find too tattoo man. 

Tattoo man. Who dat? Tatoo. Too man go, 
mommy? too man. Tattoo man go? Who dat? 

Read dat. Tractor dere. Tattoo man. 

This example, while exceptional for it« virtuosity, is typical of many 
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imitations, and suggests that imitation as well as bedtime soliloquies are 
examples of children's tendency to play with the skills at their disposal. 

If that is the case, they should be afforded no more (or no less) significance 
in language acquisition than children's play with blocks, crayons, etc., has 
in motor development. Hockett and Ascher (1964) have suggested that verbal 
play may have served a crucial function in the origin of language by introduc- 
ing the property of displacement, the capacity to talk about things not 
present (cf. Hockett, 1959). It is conceivable that the play of Weir's 
child and the play of children imitating serves a similar function. Part of 
the fun, in fact, might be saying things that bear no relation to the situation 
in which a child finds himself, a necessary condition for future talk about 
scientific hypotheses, theological dogma, shopping lists, etc. 

Expansions 

We have said that the speech of adults from which a child discovers the 
locally appropraite manifestation of the linguistic universals is a completely 
random, haphazard sample, in no way contrived to instruct a child on grammar. 
Although this statement is true of adult speech in general, there is one 
respect in which parental speech is not random. Quite often adults repeat 
the speech of small children, and in so doing, change the children's sentences 
into the nearest well-formed adult equivalent. Brown has called this phenomenon 
"expansion of child speech" (Brown, 1964). It is a kind of imitation in 
reverse, in which the parent echoes the child and, at the same time, supplies 
features that are missing from the child's sentence. About 30 per cent of 
the children's sentences in Brown's records were expanded, forming such 
exchanges as; Child: Papa name Papa ; Adult: Papa's name is Papa, uh-hum 
(mentioned by Slobin, 1964). In this case, the adult filled out the child's 
sentence with the possessive inflection (s) and a form of the copular verb} 
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other expansions might add missing articles, prepositions, etc.. Some change, 
word orders Child: table hit head; Adult: no, the head hit the table. 

Adults probably perform these expansions in order to check their understanding 
of what children say (thus making the assumption that children can comprehend 
more grammatical features than they can produce (Slobin, 1964), a possibility 
that is discussed later) . 

Aside from the motivation of parents to expand child speech, however, 
expansions can be considered from the point of view of influencing the course 
of language acquisition. It is possible that they play an important role in 
a child's discovery of the local manifestation of the linguistic universals. 
Children, we have said, produce semi-grammatical speech. They generate 
speech by simple base-structure rules that operate on generic grammatical 
classes defined in terms of a universal hierarchy of categories. Since these 
rules — or their inversions— are part of adult competence, it is possible for 
adults to impose interpretations on child speech by a process that is exactly 
the same as the imposition of an interpretation on a grief ago or golf plays 
John . A child's sentence will have a representation at some level of the 
universal hierarchy of categories in common with the set of well-formed 
sentences that can be generated by the base-structure rules. Presumably, an 
adult's expansion of a child's sentence is one of the well-formed sentences 
in this set. Moreover, there is good reason to believe that the particular 
sentence that an adult uses as an expansion will be the one member of the set 
that best exemplifies distinctions that a child has not yet marked in his 
grammar. Suppose, for example, that a child produces the telegraphic Adam cry . 
It has a representation at some (fairly high) level in the hierarchy of 
categories in common with a set of well-formed sentences that includes Adam 
is crying , Adam cried , Adam will cry , Adam's crying . . . , and probably more . 

Each of the well-formed sentences honors the distinctions preserved in Adam cry 
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and the rules for generating the child's sentence are all Involved In the 
generation of the well-formed sentences. In addition, however, the well-formed 
sentences embody distinctions that are not honored by Adam cry » and most of them 
involve .transformation rules that are not included in the child's grammar. The 
situation is propitious for demonstrating to the child a locally appropriate 
manifestation of one or more of the linguistic universals. 

Suppose that context indicates to the parent that Adam is talking about 

an event that took place yesterday. The only appropriate expansion, then, 

\ ' . 

would be Adam crie d, and so the child would be presented with an example of 
how the category "past” is expressed in English, viz., by the suffix -d. 
Expansions, in short, may present suitable conditions for children to discover 
the local expression of linguistic universals and do so in a way that imita- 
tion and practice do not. Not every expansion, of course, will be appropriate. 

A parent must judge from extra- linguistic considerations which member from 
the set of wexl- formed sentences should be the expansion, and sometimes this 
judgment will be wrong. Adam might have meant that he is about to cry. 

However, it is doubtful that inappropriate expansions occur frequently, and 
in any case, the child must be able to discover the locally appropriate form 
of the universals from sources other than expansions, so he can check his 
information from one source against the other. The role of parental 
expansions, therefore, would be to facilitate a child's acquisition by 
presenting models tailor-made to exemplify the parts of competence not 
completely determined by the universals. It may be, as Brown (1964) has 
that 'by expanding the child '.s words into the nearest sentence 
appropriate to the circumstances a mother may teach a child to conceive 
of these circumstances as they are conceived in our community and to code 
them fes we code them." * 
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Because expansions are a means of facilitating a child* s discovery 
of local features, one would suppose that children whose parents expand a 
great deal would show more rapid acquisition of language than children whose 
parents expand little. A difference in the amount of parental expansion, in 
turn, might depend on the amount of interest parents have in understanding 
what their children say. We mentioned before that parents* motivation to 
expand is probably to verify their understanding of child speech, so ve 
might expect that the tendency to expand is greatest among those parents 
with a conviction that children do have something to say, parents who believe 
that the behavior of children is worthy of attention, parents who are, in 
short, subscribers to middle-class values and middle-class child rearing 
practices. As a matter of fact, the expansion-rate of 30 per cent in 
Brown* s records came from academic parents. In contrast to these parents 
are the parents of another child in Brown’s project, whose background is 
more proletarian. They expand their child’s speech far less often, and the 
child '8 rate of development is strikingly slower than the development of 
the middle-class children. We can speculate, therefore, that the lower-class 
child is retarded at least in part because he must work out the appropriate 
English manifestation of the linguistic unlversals on his own. He must 
discover such features as noun and verb inflections from the haphazard 
stream of speech, not at all contrived to instruct on grammar, that happens 
to issue willy-nilly from his parents. Such children, in short, may not be 
deficient in their innate linguistic competence, but merely deficient in 
opportunities to test linguistic hypotheses. 

A project that studies the usefulness of expansions in language acquisi- 
tion has recently been completed by Cazden (1965). She assembled three groups 
of 2.5-year-old children: one was an expansion group; another, an expat iation 

group; and the third a control group* Children in the expansion group were 
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seen in daily sessions of 40 minutes each, during which time everything they 
said, was systematically expanded by an adult. These sessions continued for 

i - " ' ■ !. 

> * 
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3 months . Children in the expatiation group also were seen in daily 40 minute 
sessions for 3 montlu . However, unlike the fit* t group of subjects, the s^.ech 
of the expatiation children was never expanded; rather, everything they said 
was commented and enlarged upon by an adult. The two groups of children 
were thus alike in that each of their utterances was followed by an utterance 
of an adult. They differed in whether or not the adult's utterance contained 
the child’s utterance as a component part. In expansion, dog bite might be 
followed by the dog is biting , whereas in expatiation, it might be followed 
by yes, he’s angry * Control subjects did not participate in daily sessions 
at all, but were merely given Cazden’s tests of linguistic advancement at the 
beginning and end of the three-month experimental period. Since all children 
in this study were from culturally disadvantaged homes, it was hoped that such 
expansions and expatiations as they experienced would come mainly from the 
daily experimental sessions. 

Compared to children in the control group, both expansion and expatiation 
children showed advancement after three months. However, the surprising result 
is that the expatiation children showed considerably more advancement than the 
expansion children. One difference between these situations is that a greater 
variety of speech is given by an adult when expatiating than when expanding, 
since in the second case but not in the first, the adult must employ words 
provided by the child. The conclusion seems to be, therefore, that although 
expansions help somewhat, their influence pales when compared to the influence 
of increased variety of speech from an adult. 

However, there is another way of looking at Cazden’s experiment, and 
one that makes its outcome less surprising. Middle-class parents, to judge 
from Brown's records, expand roughly 30% of what children say. We may wonder 
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why they do not expand more* Why should the expansion rate level off at 30% 

rather than 50%, or 70%, or even 100%? One reason must be that extra-linguistic 

* 

context does not always indicate to a parent which sentence, among all the 

♦ * 

well-formed alternatives corresponding to the child* s utterance, is the appro- 
priate expansion. If a child says dog bite , and there is no indication from 



opposed to past or future time, an adult probably would not expand the 
utterance. In the expansion situation of Cazden*s experiment, however, all 
a child’s utterances were expanded. Only some of these could have been clear 
cases, utterances for which extra-linguistic context dictated an appropriate 
expansion. Again, judging from Brown’s records, the proportion of clear cases 
would have been about 30%. This means that many of the expansions in Cazden's 
experiment were made without guidance, without any means of deciding which 
of the several well-formed alternatives was appropriate. It seems inevitable 
therefore, that many of these expansions would have been inappropriate and 
would have misled a child who had some linguistic feature in mind, for which 
he was attempting to discover the local means of expression. Thus, although 
some expansions might have helped in Cazden's experiment, others must have 
interfered, so the net result was only marginal improvement over the control 
condition where there were no expansions at all. The expatiation condition, 
in contrast, could not possibly mislead children in this way. An expatiation 
contains none of a child's words j the adult says nothing relevant to th* 
linguistic hypotheses a child may hope to test, so it is impossible for a 
false hypothesis to be confirmed. On the other hand, in expatiating an 
adult does present a large variety of well-formed speech, a condition that 
probably is (as Cazden concludes) helpful to language acquisition. What 
remains unclear is the usefulness of expaclation compared to appropriate 
expansion. 




situation that he is talking about present time, for example, a* 
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Comprehension Versus Production of Speech 
It is common in discussions of child language to distinguish active and 
passive linguistic skills. The distinction is sometimes drawn in terms of 
a child’s development of vocabulary, sometimes in terms of his command of 

syntax, and most often in terms of both. The gist of the distinction is 

* 

that comprehension of features of language (passive control) occurs earlier 
in development than does production of the same features (active control) . 
The emphasis here is on the word "same" 1 ; the hypothesis is uninteresting 
if all that is meant is that some features are comprehended before any 
features are produced. But if every feature is first under passive control, 
and only later under active control, a significant claim is being made about 
the course of language acquisition. Much ink has been spilled on this 
distinction, and the issue continues very much alive today. It is all 
the more remarkable, therefore, that almost no one has tried systematically 
to study it. Aside from numerous anecdotal accounts (e.g., Jesperson, 1921; 
Kahane, Kahane, and Sapor ta, 1958), there is only one experimental study 
that is known to this writer (Fraser, Bellugi, and Brown, 1963). 

However, before describing their work, a word must be said on the 
theoretical significance of the distinction between comprehension and produc- 
tion. Discuscions of the topic are often made difficult because of a con- 
fusion of this distinction with the distinction between competence and per- 
formance. Competence and performance on the one hand, and comprehension 
and production on the other, are different although related distinctions, 
and it is important to see what both the differences and relations are. 
Competence, as we have said, is the knowledge of linguistic rules, categories 
etc., that accounts for a native speaker’s intuitions about his language. 
Performance is the expression of competence in talking and listening. In 
these terms, production and comprehension of speech are both categories 
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of linguistic performance; both involve the expression of competence, the 
one in producing or encoding speech, the other in receiving or decoding speech. 
The claim that passive control precedes active control in development, therefore 
can be rendered to mean that comprehending speech somehow Involves fewer 
distorting and obstructing factors in the passage from competence to performance 
than producing speech does. Accordingly, an explanation of the comprehension- 
production difference will come from a performance model that states, among 
other things what the "parameters" of conversion are for production and 
comprehension, and how they differ. In this framework, a distinction between 
active and passive grammars » which some have wanted to draw, is not necessary; 
a grammar is a statement of competence, whereas comprehension and production 
are parts of a theory of performance, and we can assume that there is but one 
grammar that feeds into both kinds of performance. 

The experiment of Fraser, Bellugi and Brown (1963) compared children's 
production and comprehension of grammatical contrasts. We can regard the 
experiment as a study of the relative difficulty of converting syntactic 
competence into the two kinds of performance. They devised an ingenious 

t 

test built around pairs of sentences that contrasted on single grammatical 
features. Associated with each pair of sentences was a pair of contrasting 
pictures, the contrast in this case hinging on the referential distinction 
that corresponds to the grammatical contrast. One pair of sentences, for 
example, was "The sheep is jumping" vs. "The sheep are jumping", which had 
associated with it two drawings, one of a single sheep jumping over a fence 
while a second sheep looked on, and the other showing two sheep jumping over 
a fence. The two sentences differed only in whether the auxiliary verb, be, 
was singular or plural; the two pictures differed only in whether one or 
two sheep performed the action. This set of pictures and sentences, therefore, 
provided a test of a child's control over the p lural-s ingular distinction on 
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auxiliary ^erbs . Fraaer jal. were able to find contrasting pictures for ten 

grammatical contrasts; for example, singular-plural marked by inflections 
i 

("the boy <$raws" vs. "the boys draw"), present progressive-past tense ("the 
paint is spilling" vs. "the paint spilled", which involves more than a minimal 
contrast), subject-object in the passive voice ("the car is bumped by the train 
vs . "the train is bumped by the car"), etc. In order to test comprehension, 
a child was asked to point to the picture that corresponded to one of these 
contrasting sentences; he was scored right or wrong, according to which picture 
he indicated. The test of production was roughly the mirror image of the test 
of comprehension. The experimenter pointed to one of the contrasting pictures 
and requested a child to say the corresponding sentence; he was scored right 
or wrong depending on whether or not his response included the appropriate 
grammatical feature. In addition to tests of comprehension and production, 
other children were asked to imitate contrasting sentences. In this case, 
a child saw no pictures and merely heard the sentences. His response was 
the same as in the production test, but it was not necessary for him to 
relate grammatical and referential contrasts. 

The results of these tests can be simply stated: in the case of every 

grammatical contrast, comprehension exceeded production, often by a large 
margin; moreover. Imitation exceeded comprehension on every contrast except 
one, again ofteh by a large margin. The results of the experiment, therefore, 
strongly support the assumption that passive control appears earlier in 
development than active control. The superiority of comprehension over 
production might tell us, as Fraser, et al . suggest, that one difference 
between the two kinds of performance is that production places a greater 
load on a child's memory. Production and comprehension both operate under 
various constraints, among which, as we have Said, is the need to remain within 
the limits of memory span. It is conceivable that there is more than one such 
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span, resulting from production and comprehension having to pass through 
different systems, with the system for comprehension having a greater capacity. 
This would cause a child to forget features in production that he remembers in 
comprehension, as apparently occurred in the test of Fraser.- et al. 

The fact that imitation exceeded comprehension probably means that there 
is a third span, larger yet, associated- with a child's phonological performance. 
As Fraser, et al. commented, in their study imitation appeared to be a 
perceptual-motor skill, not operating through the meaning system. Thus, 
the results of their experiment lead us to conclude that there are at least 
three memory spans of different capacities involved in linguistic performance: 
one for phonological production, which appears to be largest; one for grammatical 
comprehension, which appears to be next largest; and one for grammatical 

production, which appears to be smallest. Whether or not a child will perform 

( 

accurately in a given task will depend on the length of the sentence on which 
he is required to operate in relation to the size of the appropriate memory 
span. The principle would be: if a sentence is shorter than a given span, 

the corresponding performance can occur; if a sentence is longer than the 
memory span, the corresponding performance cannot occur with complete accuracy. 
The performance in every case is preservation of a given grammatical feature, 
such as plural marking on the auxiliary verb. We can imagine, therefore, four 
different relations among imitation, comprehension, and production, all 
depending on the length of the required sentence. (1) If sentences are short 
in relation to the grammatical production span, imitation, comprehension, and 
production should be equivalent, because underlying competence— phonological 
or grammatical — can be expressed in every task. (2) If sentences are long 
in relation to the grammatical production span but short in relation to the 

, V ' , 

grammatical comprehension span, comprehension and imitation should be 
equivalent, and both should be superior to production. Presumably, many of 
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the sentences used by Fraser, et al. fell Into this category,, (3) If sentences 

it . , 

are long in relation to both the grammatical comprehension and production span 
but short in relation to the phonological production span* imitation should be 
superior to both comprehension and production* which in turn* should be 
equivalent. Such sentences can be imitated* but they are not understood or 
spontaneously produced. Presumably* some of the sentences used by Fraser* et al . 
fell into this third category, hence causing an overall superiority for 
imitation. (4) Finally, if sentences are long in relation to the phonological 
production span* all three types of performance — imitation, comprehension, and 
production — should again be equivalent* since underlying competence is not 
likely to be expressed in any task. These four relations are illustrated in 
Fig. 5. 



Insert Figure 5 about here 



One advantage of this scheme is that it accounts for the apparent contra- 
diction between the finding of Fraser* et al. that imitation was more accurate 
than production* and the finding of Ervin (1S64) that imitation was not 
grammatically progressive. As Slobin (1964) has pointed out, the two 
studies differed in exactly the respects illustrated in Fig. 5. Ervin *s 
subjects were very young (two years) and so had small memory spans* and they 
spontaneously imitated adult sentences* which on the average are longer than 
the test items used by Fraser , et al. Thus, it is likely that many of the 
sentences in Ervin* s study were characterized by relation (4) in Fig. 5, a 
condition in which imitation* comprehension* and production are equivalent. 

In order to imitate sentences longer than the phonological span* subjects 
would either have to recode them grammatically or parrot as much of the 
sentence as remained in the phonological span. In neither case would the 
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crucial grammatical features that mark imitations as* "progressive” be likely 
to be preserved. Since there was no particular reason for Ervin's subjects to 
strive for accuracy, it is probable, as Slobin noted, that they recoded the 
adult sentences before repeating them. On the other hand, the subjects 
of Fraser, et al. were older (three years), and were given short sentences 
(average of four morphemes; maximum of eight morphemes) to work with. Most 
of the sentences in Fraser , et al, , therefore, were probably characterized 
by relations (2) and (3), where imitation exceeds production. This analysis, 
of course, does not affect Ervin's conclusion that imitations are not the 
means of entry for new features into a child's grammar. 

A great deal more work is necessary on the difference between production 
and comprehension, for it occupies an important position in studies in language 
acquisition. The study of comprehension is, first of all, methodologically 
important. There is no reason to assume that production and comprehension 
differ only on size of memory span. Indeed, every aspect of a linguistic 
performance model is a point of potential difference between comprehension 
and production; it is conceivable that these various factors constrain the 
two kinds of performance in nonparallel ways — it is theoretically possible 
that some even constrain comprehension more than production— and there may be 
qualitative differences as well as quantitative ones. Without a reasonably 
clear vision of the form of a performance model, therefore, we cannot tell 
what differences there are between production and comprehension; yet all 
that we know about language acquisition is based on children's production of 
speech. It is possible that the inferences we draw about children's competence 
will be different when based on comprehension. 

There is a second, more basic reason to study children's comprehension • 

If, as Ervin's findings indicate, children gain little from overt practice, 
a child ' 8 own production of speech wiio. not be critically involved in the 
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process of acquisition. On the other hand, children appear to profit from 
examples of well-formed sentences that are presented (through expansions or 
otherwise) by parental speech, which means that a child's additions to competence 
are made through his comprehension. Study of the competence-comprehension cycle, 
therefore, may turn out to be a study of the principal avenue over which a child 
acquires the local form of the linguistic unlversais, and the problem of how 
children comprehend language may be inseparable from the problem of how they 

r 

acquire it. 

The technical difficulties of studies of comprehension are formidable. 

One aust try to devise non-linguistic techniques that will register a child's 
comprehension; the techniques must be usable with very young children if we 
want to catch acquisition at its most active time; and the techniques must be 
sensitive to a wide range of grammatical features. Perhaps the last require- 
ment is the most difficult. Fraser, et al, used correctness of pointing as 
a test of comprehension, which works well enough when the grammatical contrast 
has a picturable correlate. But how does one get a child to point to the 

correlate of a basic grammatical relation or a differentiated pivot class? 

# 

For that matter, is it correct even to speak of the correlates of such 
fundamental linguistic features? The answer is not obvious. Probably, there- 
fore, the most difficult part of the study of comprehension will arise in the 
development of useful non-linguistic responses. On the other hand, there is 
one signal advantage in the study of comprehension that is totally lacking in 
all studies of production. As oile of the linguists participating in the Fourth 
Conference on Intellective Processes (Brown and Bellugi, 1964, p. 42) pointed 
out, we always know in a comprehension task what the input is — it is the sentence 
being understood. In production this is not the case; the input is completely 
obscure. We have no conception of what input from (to?) competence leads to the 
generation of a sentence. What input leads to want milk mommy or where doggie? 

o 
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Perhaps future research will find ways to exploit this advantage while solving 
the problem of obtaining sensitive indicators of comprehension. 
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Table 1 



Pivot and Open Classes from Three Studies of Child Language 




o 

ERIC 



I ; 



85- 



Table 2 

A Child's Sentences at Two Stages of Development 



Time 1 

date your a car 
a data cheese 

Time 1 
fast the car 
dls hammer other one 
big Eve toy 



Time 2 

dats a your car 
date a cheese 

Time 3 
the car fast 
dis other one hammer 
Eve toy big 
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Table 3 

Sentence Patterns that correspond to 
Basic Grammatical relations 

Child 1 s Speech Corresponding Grammatical Relations 



Pattern 


Frequency 




P + N 


23 


modifier, head noun 


N + N 


115 , 


modifier, head noun, subject, predicate 


V + N 


162 


main verb, object 


N + V 


49 


subject, predicate 


Sum 


349 




P + N + N 


3 


modifier, head noun 


N + P + N 


1 


subject, predicate 


V + P + N 


3 


main verb, object 


V + N + N 


29 


main verb, object 


P + N + V 


1 


main verb, subject, predicate 


N + N + V 


1 


main verb, subject, predicate 


N + V + N 


4 


main verb, object, subject, predicate 


N + N + N 


7 


subject, predicate 


Sum 


. V* 

49 


F \ 
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Figure captions 

Fig* 1* Differentiation of the Pivot Class* Abbreviations are as 
follows: N ** noun, that is, one of the open classes for this child; Art 

articles; Dera « demonstrative pronouns; Adj - adjectives; Poss = 
possessive pronouns; P^, ?£, and P^ * pivot class at Times 1 9 2, and 3 
respectively. 

Fig* 2* An abstract hierarchy of syntactic categories* 

Fig. 3. Phrase markers generated by early grammatical rules. 

Fig. 5. The Relations among Xmitation**£X) , Comprehension (C), and 
Production (P) depend on sentence«*»length and size of memory span. Numbers 
refer to the relations mentioned in the text. 
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Time 




(P^ + N (1) 



(Dem) + (Art) + (P 2 ) + N (2) 



(Art) + (Adj) + N 



+ N 



(Art) + N + (Adj) 




(3) 

(4) 

(5) 



Fig. 1 
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Rulft 1 Rule 6 Rule 7 



Rule 8 




Fig. 3 



Memory Spans 
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Slse of Span " Length of Sentence 
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Some Universale of Language Acquisition^ - 
David McNeill 
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Abstract 

Nearly all children learn to speak their native language with 
remarkable speed* A pressing theoretical problem is to account for 
this extraordinary achievement. One point of view for doing so is 
to credit children with an inborn capacity for language acquisition, 
a capacity that consists of expectations as to the general form 
taken by natural languages. According to this view, children have 
prior knowledge of the so-called linguistic unlversals. There are 
several ways to evaluate this hypothesis, but one particularly acces- 
sible technique is to compare the acquisition of totally unrelated 
languages. Features that are common to the early speech of children 
learning different languages— that is, features universal among 
children regardless of the local linguistic environment — probably 
can be attributed to a capacity for the task of language acquisition. 
The first results of such a comparative study are presented and discus- 
sed, Japanese and English being the languages compared. 



In recent years, there have been major and, for the psychologist, profoundly 

- ” t 

interesting changes taking place in linguistics. Chomsky (1965), Katz (1965), 
and their colleagues have been developing a theory of language that has as its 
goal an explicit statement of linguistic knowledge, the sort of knowledge one 
has when able to speak, for example, English, or Mohawk, or Japanese. These 
grammars have been called transformational. Soiue Insight into the technical 
literature on transformational grammar can be obtained from the references cited 
above. For present purposes, however, it is necessary only to consider two gen- 
eral facts revealed in this literature. The first is that linguistic knowledge 
is highly complex; the second is that much of linguistic knowledge is abstract. 
The first fact probably needs little documentation. That languages are complex 

seems obvious enough, the merit of transformational grammar being that such com- 

*- <• . v * 

plexity is stated explicitly and fully. The second fact, that linguistic knowl- 
edge is abstract, is perhaps less obvious. By abstract, it is meant that there 
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are aspects of linguistic knowledge not directly exemplified in sentences as we 
perceive and produce them. In traditional psychological terminology, there are 
aspects of linguistic knowledge, crucial to the understanding of speech, that 
are neither stimuli nor responses. To make these assertions clear, consider 
the sentences in the left-most column of Table 1. 

Insert Table 1 about here 

U awm M MM IM» <W MiMi MI«N» MM IW m m M « 

Superficially, these sentences have the same structure. In every case, it 
is they + are + V-ing + N-s , where V-ing is a progressive verb and N-s is a 
plural noun. This identity can be shown in various ways. For example, pauses, 
if they are introduced, are located at the same points, they - are - boxing 
ftlovea and they - are - matching gloves . Similarly, if the definite article, 
the, is inserted in these sentences, it goes always at the place: they are the 

drinking glasses and they are the drinking companions . Pauses can be Introduced 
only at constituent boundaries, and articles can be Inserted only before noun 
phrases. The four sentences in the left-most column of Table 1, therefore, have 
the same constituent structure, as evidenced by the pauses, and all treat the 
V-ing + N-s string as a noun phrase, as shown by insertion of the definite, article. 

Despite these superficial Identities, however, the four sentences are not 
truly identical. They differ in a way that affects their meaning, as can be 
shown by the fact that when paraphrased, sentences with very different structures 
result. The middle column of Table 1 contains paraphrases of the sentences in 
the left-most column; the right-most column, in turn, contains non-paraphrases. 
Thus, we see that they are boxing gloves is paraphrased by they are gloves for 
boxing , whereas they are matching gloves is paraphrased by they are glovas that 
match. Conversely, a non-paraphrase of they are boxing gloves corresponds in 
structure to the paraphrase of they are matching gloves, and vice versa . We 

o 
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conclude that thay^ate bp^^Xtyat, and they aye patching gloves differ Import- 
antly In structure. It la a difference in structure recognised by speakers of 
English despite the identity of surface structure noted above. In short, there 
is a difference between the abstract structural features of the two sentences. 

Obviously, such differences in abstract structure are cued by features in 
the surface structure. The two words, boxing and matching, perforin this function 
here. However, boxing and matching cannot represent the structural differences 
because the two sentences differ in ways not presented in the differences be- 
tween the two cue-words. The second pair of sentences in Table 1, they are 
drinking glasses and they are drinking companions . reveal the same abstract dif- 
ference in structure as the first pair, but the critical word, drinking, has a 
meaning different from the two previous cue words, boxing and matching . The 
structural difference between the sentences, therefore is not represented by 
the differences between the words, but merely cued by them. The same structural 
difference can be signaled by different words (b oxing/drlnking versus matching/ 
drinking) . and the same word, depending on context, can signal different struc- 
tures (drinking glasses versus drinking companions) • 

Thus, one learns from transformational grammar that linguistic knowledge 
is both abstract and complex. Somehow, such knowledge is acquired by small 
children. Moreover, it is acquired very rapidly. Beginning with simple two- 
and three-word combinations at age 18 months, a child develops virtually all 
English granmuir by age 3.5 or 4 years— a total period of some 24-30 months. 

The central problem is to account for this remarkable achievement. 

* " m 1 • . -- i \ 

The biological basis of language 

* ■ • S- 

One line of thought, the one to be considered here, begins with the truism 
that man alone among all creatures possesses language. At some point in the 
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•voluticm landing to homo iipiini . something developed to make language possi- 
ble. It is not known, of course, what this evolutionary event was, but the 
fact off its occurrence suggests some biological basis for language. This is 
not a novel idea. Biological support for language was taken for granted in the 
19th Century (e.g*, Hale, 1886), but as usually stated, this assumption has been 
an empty claim, nothing more than a restatement of the observation that man is 
the only talking animal. What it needs in addition is specification of the bio- 
logical basis of language. It in necessary to establish that there is a specif- 
ic capacity for language, a capacity largely unrelated to other aspects of human 
cognition; and it is necessary to clarify the features of language that are, in 

fact, biologically based. 

& 

Lenneberg (in press) argues persuasively in support of the first of these 
points, that the capacity for language is specific and largely unrelated to 
other aspects of cognition. However, work on the second point has barely begun. 
The purpose of this report is to introduce research undertaken to discover par- 
ticular linguistic features, if any there be, that correspond to the biological 
basis of language. 

Linguistic universale 

If language is possible because of special developments in man's evolution, 
the effects of these developments must be manifested in the acquisition of lan- 
guage by children. The hypothesis of a biological capacity for language is 
necessarily a hypothesis for language acquisition; it is difficult to interpret 
it otherwise. In order to see how such a capacity could influence the acquisi- 
tion of language, imagine a linguistic feature ac that corresponds to some aspect 
of this capacity; Imagine also a child who, because of his endowment, expects 
languages to present feature x in one form or another. Suchia child could 
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examine speech received from his parents for exemplification of feature x; when- 
ever a putative example is found, he could test its status as an instance of x 
agsinst further examples of parental speech. The merit of such tests* is that 
they allow a child to reject Incorrect hypotheses about the form taken by x in 
his local language. In abstract form, this Cycle — first expectation, then for- 
mulation, test, and, if necessary, .rejection of hypotheses-*-has been proposed 

* 

as the process by which a child exploits his biological endowment for language 
(Chomsky, 1965$ McNeill, in press). One consequence of this process is that 
every language must present features corresponding to children's capacity# X 
must be linguistically universal. A language that failed to include some vari- 
ety of x would constantly refute a child's expectations; it would present an 
endless number of incorrect possibilities, and would, in. truth, be unlearaable. 

One strong prediction can be derived from the theory just outlined. It is 
that children acquiring different, historically unrelated, languages should show 
basic similarities in their early linguistic attainments. Among the linguistic 
features that children first acquire presumably are features they are endowed 
to acquire, that is, features that are universal. Linguistically unique fea- 
tures may also be acquired from the outset of language development* but because 
a child's total grammar is initially small, the linguistically universal will 
necessarily bulk large. Moreover, if children acquire language quickly because 
of biological endowment * most, universal features must be among the first aspects 
of language acquired, whereas most unique features must be among the last, ex 
hypothesi . 

Evidence from children acquiring English 

Only one aspect of child language will be discussed; and this is the emer- 

# 

gence of grammatical classes. Children acquiring English typically begin 

\ me 
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acquisition with sentences constructed on the basis of a simple grammatical 
dichotomy (Brown and Bellugi, 1964; Ervin, 1964; Braine , 1963) , the dichotomy 
consisting of what Braine has called Pivot (P) and Open (0) grammatical classes. 
Table 2 contains representative P and 0 classes from each of the projects men- 
tioned. In all three, the P class is on the left, the 0 class is on the right, 
although the opposite order can occur also. For particular P and 0 classes, 
however, order is fixed. A P class is always small in membership and slow to 
take in new words. An 0 class is the opposite, being large in membership and 
the receptacle for most new vocabulary. In forming two— and three— word sen- 
tences, individual P words are used with high frequency whereas individual 0 
words are used with low frequency. These three characteristics— the size of 
the class, receptivity to new vocabulary, and the frequency with which indivi- 
dual members are used— serve to distinguish P and 0. A further and important 
characteristic of the distinction is that single-word utterances always consist 
of c words. That is to say, P words occur only in combination with 0 words, a 
fact reflected in the following rule for generating these children's sentences: 

S + (P) 0 

The rule says that to form a sentence, these children, first selected a word 
from a P class, then a word from an 0 class, always in that order. Thus Brown 
and Bellugl's subject said such things as my boot , a Becky , and poor sock : 
Ervin's subject said such things as this deed , the dolly's , and here pretty : 
and Braine *s subject said night-night plane ; bye-bye shoe ; all gone boot . 

Insert Table 2 about here 

The usual interpretation made of the P—0 distinction is that these classes 
represent a child's earliest linguistic competence, his most primitive grammat- 
ical knowledge. They are held to be crude grammatical classes out of which the 



refined grammatical classes of adult English will eventually emerge. There is 
some evidence in support of this interpretation. 

For one thing the main alternative hypothesis is that each two-word com- 
bination summarized in Table 2 is a memorized routine. This hypothesis is made 
implausible by the humber of combinations children produce. Brown and Bellugi's 
subject, for example, produced some 100 different pairs. To claim that these 
are memorized routines is to claim that this child, at age 18 months, had com- 
mitted to memory at least 100 paired-associates, and surely this number is an 
underestimate since these 100 were only the ones that happened to appear in 
Brown and Bellugi's samples. Moreover, if the combinations summarized in Table 
2 are routines, it must be assumed that most of this vast quantity of material 

was learned in one trial since individual pairs are infrequently repeated in 
parental speech. 

A second reason for crediting children with true grammatical classes is 
that they frequently utter strings that aref not likely to be imitations or re- 
ductions of parental speech. Such sentences appear in the records of all three 
children. Ervin's subject said here doed . Brown and Bellugi's said a that car , 
and Braine's subject said allgone boat, inverting English word order. It is un- 
likely that children receive such fractured English from their parents, but each 
of these sentences fits the P-0 pattern, either directly or (in the case of 
Brown and Bellugi's subject) with minimal elaboration. The indications are, 
therefore, that the P-0 distinction represents a genuine grammatical classifica- 
tion, and the question arises: From where does it come? The remainder of the 

present report is concerned with an examination of this question. 

In order to consider an answer, however, it is necessary to present one 
further fact concerning the P-0 distinction. In the case of every child stud- 
ied, either the P or the 0 class has been heterogeneous from the point of view 
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of adult grammar. The P class of Brown, and Bellugi's subject, for example, 
contained demonstrative pronouns (this , that) . possessive pronouns (m£, yqur) . 
articles (a, the}, and some half-dozen adjectives (big , red , poor, wet , dirty. 
pretty . etc.). The 0 classes for Ervin's subject were similarly heterogeneous, 
containing nouns, adjectives, verbs, and determiners (other) . The classes of 
adult grammar must ultimately arise out of such heterogeneity. The process by 
which they do, it would appear from Brown and Bellugi's work, is differentiation. 

Consider Fig. 1. It is a chronology of the development of grammatical 
classes by one of Brown and Bellugi's subjects, the same child represented in 
Table 2. In this case, the P class is the one differentiated. Time 1 corres- 
ponds to the original P-0 distinction as presented in Table 2. Time 2 is 2.5 
months later, and Time 3 is 2.5 months later than that. By Time 2, three gram- 
matical classes have emerged from the original P class. That is, the child came 
to use certain words from the original P class in unique positions in his speech 
whereas before all words were used in all positions. Two of the new classes, 
articles and demonstrative pronouns, correspond to adult grammar; the third is 
another heterogeneous P class, a residuum of the P class at Time 1. By Time 3, 
two additional adult classes have appeared in the child's speech, adjectives 
and possessive pronouns, and there remains a third, still grammatically hetero- 
geneous P class. Thus, in five months' time, five grammatical classes have 
emerged from one. The line of development was differentiations first one class, 
then another was removed from the P class at each stage, much as one peels a 
banana. 

Insert Fig. 1 about here 

Differentiation raises a peculiar problem. The fact that Brown and Bellugi's 
subject was able to form adult grammatical classes in this manner that his 
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original p class had baan a fteneric specification of the adult classes that 
eventually arose out of it. Somehow, his original P class was appropriate. Al- 
though the child Ignored relevant distinctions in adult grammar, he nonetheless 
admitted them as potentialities when forming the original P class. For example, 
every adjective in the vocabulary of Brown and Bellugi's subject at Time 1 was 
within the P class, even though adjectives were not yet distinguished as a class. 

® puszle arises* in order for differentiation to occur at all, a child must 
honor grammatical distinctions in advance of drawing them. 

There is nothing in parental speech that would lead to a generic P class. 

A distributional analysis of adult speech, if that is what children attempt to 
do, would yield the grammatical classes of adult speech, not a generic p class. 

It begs the question to suggest that children consider only those distributional 
facts of adult speech that support a generic classification, for it is just such 
selective consideration that needs to be explained. We may suspect, rather, that 
the distinction between P and 0 is a grammatical invention on, the child's part, 
a division of his vocabulary based on information obtained elsewhere than from 
parental speech. The suggestion to be considered here is that it reflects some 
aspect of the biological capacity for language and so corresponds to some uni- 
versal aspect of grammar. The problem is now to provide a preliminary charac- 
tcrization of this universal. After doing so, a small amount of evidence will 
be presented for its existence in the early speech of children acquiring Japan- 
ese and Russian, as well as English. At the same time, certain difficulties 
will be pointed out . 

Semi— gramma ticali tv in relation to language acquisition 

A complete transformational grammar of English, as of any language, draws 
a great many distinctions among categories of words • There are many more classes 

o 
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thaii the traditional eight parts of speech. These fine distinctions are in- 
volved in the representation of well-formed sentences such as John plays golf 
or ~ B . cerlt Y ^ frightens John . But it is clear that understanding sentences does 
not require that all possible distinctions be honored. A sentence may violate 
some distinctions and yet be comprehensible. Golf p lavs John , for example, is 
grammatically deviant but nonetheless a devastating comment on John. More dis- 
tinctions are honored in John plays golf than in golf plays John , but the latter 
is understood on analogy with the former. On the other hand, there are sentences 
that violate even more distinctions than jgolf plays John , and so are even more 

grammatically deviant. Golf plays aggressive ls one example; golf eve aggress 
is another. 

The ability to rank-order aentences according to grammatical deviance ia 
a well-established aspect of the linguistic competence of adults. Somehow we 
can tell, as we move from John plavs golf to golf plavs John to golf plavs ag- 
gressiv e to golf eye aggressive, that we are moving into regiona of ever increas- 
ing deviance. In order to account for this ability, Chomsky (1964) suggested 
that knowledge of English included, in addition to. the grammatical categories 
necessary for a complete transformational grammar, knowledge of a hierarc' y of 
grammatical classes whereby the most finely drawn grammatical classes are re- 
grouped on higher levels, each higher level being a less refined grouping than 
the level below. Thus golf plays John belongs to some intermediate level in the 
hierarchy, whereas golf plavs aggressive belongs to a higher level. 

The suggestion to be made here ls that this hierarchy, at least the upper 
reaches of it, is linguistically universal. Every language may have the same 
broad superordinate categories, of which the categories involved in well-formed 
speech are sub-cases. Such a hierarchy, if it is part of a child's linguistic 
endowment, would explain how a P or 0 class could be genetically related to 
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aduXt classes , and hence how differentiation is possible, the P-0 distinction 
would be one of distinctions drawn near the top of the hierarchy; differentia- 
tion would be progression down the hierarchy. By this interpretation, children's 
sentences are semi-grammatical, in the technical sense. Sentences produced later 
in a child's development are less deviant than sentences produced earlier, in 
precisely the same sense that ^olf plays John is less deviant than golf plava 
aggressive. An earlier experiment (McNeill, in press) offers support for this 
interpretation. 

If the P class of Brown's subject, or the 0 classes of Ervin's subject, 
are generically related to the grammatical classes of adult English because they 
are drawn from a universal hierarchy of categories, the P and 0 classes would, 

in fact, be generically related to the grammatical classes of every language of 

* 

the world. Generic P and 0, therefore, should be universals of language acqui- 
sition* 

The acquisition of Japanese as a native language 

Brown and Bellugi's, Ervin's, and Braine's projects have all been longitudi- 
nal and observational. A small group of children is visited repeatedly in order 

to tape record everything they say and everything said to them. On the basis of 

«♦ 

the tape-recorded corpora, grammars are periodically written to account for the 
patterns observed in the children's speech. The P-0 distinction, for example, 
is one such pattern. The same procedure is being employed to study the acquisi- 
tion of Japanese as a native language. 

Two children are involved, both girls, both living in Tokyo, Their speech 
is tape-recox *ed twice a month, for two hours each visit. Transcriptions of the 
tapes, rough translations, and the tapes themselves are mailed to Ann Arbor, 
where, when a sufficient amount of patterned speech has accumulated, grammars 

»*' j. 
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are written. The children were 18 and 19 months of age when the study began; 
at present writing they are 21 and 22 months of age. Only one of the two child- 
ren produces patterned speech in amounts large enough to support a grammar, and 
from even this child, the required number of utterances (ca. 700-800) has accumu< 
lated only during the week preceding this writing. A grammar for the child's 
speech, therefore, has not yet been constructed. What follows, instead, is a 
list of the contents of her P and 0 classes on the assumption that P and 0 clas- 
ses are, in fact, part of the child's grammatical competence. This assumption 
will be checked when a grammar is written for the child. 

As. noted before, the P class for Brown and Bellugi's subject contained 
demonstrative and possessive pronouns, articles, and adjectives. The syntactic 
function served in common by these various classes is some kind of modification 
or specification of a noun. The P-0 construction corresponds, therefore, to one 
of the basic grammatical relations discussed by Katz and Postal (1964) , namely 
modifier-head, which itself may be an aspect of children's capacity for langu- 
age (McNeill, in press). Ervin's subject, on the other hand, had a heterogene- 
ous 0 class, containing, as already noted, nouns, verbs, adjectives, and deter- 
miners. Again, however, the P-0 distinction seems to correspond to the basic 
grammatical relation of modifier-head, so the grammatical function served in 
common by the words in the child's 0 class is that of grammatical head, that is, 
syntactic classes capable of being modified. In Japanese the grammatical rela- 
tion of modifier-head is carried by some of the same classes as in English. 
However, Japanese lacks articles and determiners, and possessive prono un s are 
themselves constructions. Accordingly, identity on the level of words between 
early English and Japanese speech cannot be expected. Universal features, if 
they exist, must hold on the level of grammatical function; and on this level 
there is striking similarity between the Japanese child and both Ervin's subject 
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and Brown and Bellugi's subject, as can be seen in the following lists: 



Pivot 



Open 

* 

lady 

baby 

cat 



this 

this-one 

that-one 

good 

not (Adj) 

hurtful 

dirty 

pretty 

little 



hold 

look 

do 



milk 



school 



good 



The P class contains the only possibilities for overlap with the P class 
of Brown and Bellugi*s subject, namely, demonstrative pronouns and adjectives; 
the 0 class contains nouns, verbs, and adjectives, which are the only possibili- 
ties for overlap with the 0 class of Ervin's subject. Thus, children exposed to 
English and children exposed to Japanese achieve very similar solutions in their 
first efforts to acquire grammar. In addition to these Japanese-English similar- 
ities, Slobln (in press) describes a child exposed to Russian who developed a P 
class much like the P class of Brown and Bellugl's subject. 

The P-0 distinction, therefore, may reflect the unfolding of a linguistic 
universal, and so may reveal an aspect of man's biological capacity for language. 
The universal may be a hierarchy of grammatical categories of the sort discussed 
before, in which words are distinguished and classified together according to 
their role in the modification relation. There is, however, a complication. 
Adjectives appear in both the P and the 0 class of the Japanese child. One of 
Ervin's subjects (different from the child represented in Table 2) did the same 
thing. Such cross-classification means that neither the P nor the 0 class is 
completely generic and the phenomenon may require abandonment of the notion of 
a hierarchy of categories. Further observation will be necessary to estimate 
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the prevalence of cross-classification. ' If It should prove to be the rule s the 
universal underlying the P-0 distinction must be conceived in a way fundamentally 
different from a hierarchy of categories, quite possibly as a set of universal 
syntactic features (Chomsky,. 1965) . Any one such feature would yield generic 
classification, as with Brown and Bellugl's subject $ any two, when applied dis- 
junctively, would yield cross-classification; the same two, when applied con- 
junctively, would yield differentiation (cf.. Harvard University, 1965, pp. 55- 
56) • Aside from deciding the form of the universal, however, the similarities 
that exist among children acquiring radically different language offer strong 
support for the hypothesis of a specific capacity for language acquisition. 



Footnote 

^Taper presented to the Symposium on Language Acquisition at the Annual Meeting 
of the American Speech and Hearing Association, Chicago, 111., November, 1965. 
Preparation of this paper was supported by a contract between the U. S. Office 
of Education (No. OE— 5— 14— 036) and the Center for Research on Language and 
Language Behavior, The University of Michigan. 
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Table 1 

Sentences Illustrating Differences in Abstract Structure 



Sentence Paraphrase Non-paraphrase 



They are boxing gloves 


They are gloves for 
boxing 


They are gloves that 
box 


They are drinking glasses 


They are glasses for 
drinking 


They are glasses that 
drink 


They are matching gloves 


They are gloves that 
match 


They are gloves for 
matching 


They are drinking 
compahion8 


They are companions 
that drink 


They are companions 
for drinking 
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Table 2 

Pivot and Open Classes f row Three Studies of Child Language 



liraine 



Brown 



Ervin 





boy ' 




my . 




* -V 

Adam 




sock 




that 




Becky 




boat 




two 




boot 
















allgone 




fan 




a 




coat 


byebye 




wilk 




the 




coffee 


big 




plane 




big 




knee 


wore 


< 


shoe 


> 4 


green 


r < 


man 


' pretty 


f 


vitamins 




poor 




mommy 


my 




hot 




wet 




nut 


see 




mommy 




dirty 




sock 


night- 




daddy 




fresh 




8 tool 


night 




e 














e 

e 




pretty 




tinker- 




w 4 




< > 




toy 




yellow 
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Figure Caption 

Fig. 1. Differentiation of the Pivot Class. Abbreviations are as follows 
N - noun, that is, one of the open classes for this child; Art - articles; Dem - 
demonstrative pronouns; Adj u adjectives; Poss ■ possessive pronouns; P^, Pj, and 
P 3 " pivot class at Times 1, 2, and 3 respectively. 
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Development of the Prosodic Features of Infants' Vocalizing 

Harlan Lane and William Sheppard 
Center for Research on Language and Language Behavior 

The vocal behavior of an infant during the first few months of life is the matrix for 
‘•ter language development. Therefore, the differentiation and organization of infant vocal- 
alng as a function of maturational and environmental factors holds considerable interest. 

Previous research in this area consists almost entirely of descriptions by a single 
observer transcribing the utterances of a single infant in naturalistic settings. Two 
ibrldged biographical reports will be samples: one from a "pre-objective" period, that of 

:he late 19th century, and one from recent decades, employing "more refined techniques" 
McCarthy, 1946). The earlier writer, a keen observer of behavior, is Charles Darwin. The 
contemporary writer, a linguist, is W. F. Leopold. 

"The noise of crying is uttered in an instinctive manner... After a time the sound 
iffers as to the cause, such as hunger and pain... he soon appeared to cry voluntarily... 
hen 46 days old he first made little noises without any meaning to please himself, and 
hcse soon became varied. ... At exactly the age of a year, he made the great step of inventing 
word for food, namely mum . . .and now, instead of beginning to cry when he was hungry, he 
eed this word in a demonstrative manner ... Implying 'Give me food'" (Darwin, 1877, p. 285). 

"During the first few weeks the only sounds produced were cries of dissatisfaction. . . 
n the seventh and eighth weeks the sounds ceased to be pureiy incidental. She uttered more 
rbitrary sounds of satisfaction. . .cooing as an articulated expression of feelings of satis- 
action was therefore well established by the end of the second month... by the seventh month 
here was a good deal of babbling prevalently ranging from [a] to [e], long, without many 
ongue movements... & the end of the eleventh month, her active vocabulary consisted of 
wo words" (Leopold, 1939, p. 72). 

Linguistic studies in this field have focused on providing a description of the language 
f a particular child at different levels of development. The units of analysis have been ‘ 
honemes, morphemes, words and sentences. The procedures for data collection usually begin 

ith gbonetic transcription of the infant's vocal behavior by a trained observer. The most 
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extensive studies of this type are those of the linguists Gregoire, Leopold, Cohen, and 
Velten. The work of Irwin and Chan in the 1940's is notable for the refinements they intro- 
duced. These investigators began the practice of using two observers rather than one; this 
allowed them to obtain measures of observer agreement. They also increased the numbers of 
subjects observed and selected a more adequate sample of subjects. 

Psychologists working in this area have tended to study more molar aspects of language 
development. The main interest has been to provide normative data on various indices of 
development, e.g., use of form class, size of vocabulary, mean sentence length, and the like. 
The procedure for data collection is again transcription (usually alphabetic) by a trained 
observer using cross-sectional and longitudinal sampling. Among the classic studies of this 
type are those of Davis, Pisher, McCarthy, Shirley, Templin, and Lewis. 

The most striking feature of the research literature on Infant vocalizing is the lack 
of advancement in the field. The basic drawback is the reliance on transcriptions obtained 
by observations in naturalistic settings. Consider the difficulty of transcribing infant 
speech sounds. Because the infant is in the process of learning to articulate, the sounds 
he utters are unlikely to fit neatly into any dassificatory system. There is the danger 
that the trained observer filters thn variagated vocal behavior through his own dassificatory 
categories— categories developed with adult vocal behavior— and thus rejects much of impor- 
tance. Moreover, the infant utters sounds rapidly and sporadically, making it difficult 
for the observer to keep an accurate or complete records 

The obvious sampling problems hive also limited the generality of the findings of 
previous studies. It has been recognised that when investigator and subject are also 
mother and child, experimental rigor receives little nourishment. In those less numerous 
studies in which the investigator has intruded into the home, the schedule of observation 
and transcription usually has been to be most charitable, unsystematic. In sunning up the 
results reported up to 1941 Irwin says: 

It will be apparent from this review of the more important studies. . .that there does 1 
not exist a large body of data secured from adequate samplings of infants for purposes of 

a statistical analysis. . .* Usually no systematic research methods were formulated; statistical 
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techniques essential to the analysis of mass data are practically absent, no reliabilities 
of observers have baen established, many observers used alphabetical rather than phonetic 
systems of symbols for recording; and most reports indulge in an inordinate amount of 
interpretation supported by very little empirical material." (Irwin, 1941, p. 285). 

In her classic review of the literature on language development in thtf child, McCarthy 
writes: "Although this wealth of observational material has proven stimulating ana sugges- 

tive for later research workers, it has little scientific merit, for each of the studies 
has employed a different method, the observations have for the most part been conducted on 
single children who were usually either precocious or markedly retarded in their language 
development; the records have been made under varying conditions, and most of the studies 
are subject to the unreliability of parents* reports" (McCarthy, 1946, p. 478). 

Attempts to ameliorate one or more of the methodological problems that we have reviewed 
have waited upon advancements in instrumentation. In Part II of her 1929 review McCarthy 
described some of the early attempts to record speech by means other than transcription by 
an observer. The first device she described was the manometric flame, invented by Koenig 
in 1862. With this device, the flame of a gas jet is disturbed by* the sound wave and these 
disturbances are recorded photographically. The phonautograph, invented by Scott in 1859, 
recorded the speech wave by means of a stylus attached to a diaphragm. The best device of 
thin general type was the phonodeik, which consisted of a horn and a diaphragm; a small 
platinum wire attached at one end to the diaphragm was passed around a jewel-mounted spindle 
to a delicate spring. Attached to the spindle was a tiny mirror which reflected a fine 
beam of light onto a moving photographic film. The phonoddik could respond up to 10,000 cps 
but the horn and diaphragm introduced a certain amount of distortion. 

In 1893 Blondel had devised the oscillograph and with improvements in amplifiers it 
promised to be a very useful piece of apparatus. However, even before the oscillograph had 
been developed to the point where it gave a practically perfect representation of the sound 
wave, it became clear that, once recorded in all its complexity, the waveform was virtually 
impossible to analyse in ways that were useful for studying speech. 



Sound recording devices, the phonograph and latar tha wira and tapa recorders, even when 
developed further than they were In 1929, solved only part of the problem. The actual speech 
sound* could then be recorded and replayed. but an observer still had to rely on hla j udgmen t 
as a percelver of sound and speech In order to analyse the data. 

Two years after tha introduction of tha aound apactrograph, in 1949, Lynip publiahed a 
raport of tha uaa of thia davica in tha atudy of infant apaach. Ha racordad tha apaech ' 

sounds of a littla girl, beginning with tha birth cry and sampling at intervals ending at 
56 weeks whan intelligible speech begans A spactrographic analysis of these recordings 
revealed nothing which resembled the spectrograms of phonemes produced by adults. 

In 1960, Wlnlts published a data-garnlshed polemic on tha subject of the spactrographic 
analysis of infant vocalisation. He argued that tha fact that the infant's spectrograms 
didn't look like spectrograms of adult speech simply proved that the spectrograph isn't a 
good device for tha study of infant vocalisations. "Tha basic data against which any 
instrumental method of phonetic analysis must be validated are the phonetic analyses made 
by competent observers whose validity Lyrtip questions" (Winits, 1960, p. 173). 

Without resolving the question of the validity of spectrographic description, it must 
be acknowledged that for each two-second sample of vocalisation approximately fifteen minutes 
are required to process, calibrate, crudely quantify, and classify each spectrogram— and 

tyat the problems of observer interpretation remain, althoqgi transferred from auditory to 
visual modes . 

This brief account of the techniques that have been employed so far for collection and 
acoustic analysis of infant vocal behavior indicates that an extension of our knowledge of 
vocal development requires new techniques. Accordingly, the Center for Research on Language 
and Language Behavior under took, a year ago, to collect permanent, complete and continuous 
records of all vocalisations o e two infants, and then to process these records by novel 
electro-acoustic techniques. 

Recording and sampling of vocalising. During the deliveries of the infants whose 

* * ^ 

vocalizing is the subject of this study, medical personnsl wore lapel microphones whose 

outputs were recorded on magnetic tape. All subsequent vocalising by the infants at the 
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ho»pit«l was rscordsd by placing them in private rooms containing a microphone wired to a 
fast-acting voice-operated switch (Miratel) and to a tape recorder (Tandberg). After leaving 
the hospital, both children were cared for at home in plexiglass "air cribs" (T.H.I.) that 
provided no sources of sound within the crib and attenuation of external sounds— hence, a 

% 

good recording environment. The parents of the children (research assistants at the Center 
in both cases) were paid to keep a detailed record on prepared forms of major environmental 
events affecting the infant. These records were synchronised with the tape recordings by 
writing do i t the reading of the footage indicator on the tape recorder. 

Complete recordings of all vocal behavior during the first five months of life consti- 
tute a formidable tape library, which was sampled for analysis in the following way. A 
master tape was prepared for each child which contained three 95-sec samples of the vocal 
behavior during every fourth day of life for the first 141 days. For the samples taken from 
the first month (in which the Infant had no regular sleeping times) the three daily samples 
were excerpted from the recordings for 12 a.m. to 8 a.m., 8 a.m. to 4 p.rn., and 4 p.m, to 
12 p.m., respectively. This was accomplished by listening to the recording, beginning at 
the start of each period, and copying the first 95 sec onto the master tape. In some cases 
undesired noises intruded and the first 95 sec excluding these intrusions was copied. For 
the samples of vocalising in the following three months, the three daily periods from which 
95-sec samples were taken were: time at awakening (T) to T + 4 hours; T + 4 hours to 

T + 8 hours and T + 8 hours to T 4* 12 hours. These sampling procedures yielded 108 95-sec 
samples for the initial acoustic analysis. 

Analysis of the prosodic features. The development of the prosodic features of the 
infant s vocal behavior va. analyzed by extracting three acoustic parameters of the vocal- 
izing during each of the 108 samples, using analog electronic devices. The outputs of these 
parameter extractors were sampled every 25 sec by an analog-to-Ugital converter, then 
processed by an on-line digital computer (PDP-4, Digital Equipment Corp.). 

The changing fundamental frequency of the vocalizing was extracted by filtering tape- ■ 
recorded signals Into two frequency ranges. Since the harmonics of the fundamental frequency 
often have more energy than the fundamental Itself, a range-control voltage is generated 

ie£ 
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when there la energy in the lower range which turn* off the upper range to exclude the 
harmonics* If no energy exists in the lower range, however, the fundamental frequency in 
the upper range is processed unimpeded. In either case, the nearly sinusoidal output from 
the filters is amplified in a mixer and read on a frequency meter which provides a DC vol- 
tags output proportional to the frequency of the fundamental sine wave at its input. A 
DC amplifier then adjusts the voltage range and polarity for input to the computer. ' 

The changing amplitude envelope of the vocalising was extracted by applying the 
recorded signals to a full-wave rectifier followed by a low-pass filter. The output of *• 
this device is a DC voltage that is proportional to the absolute value of the amplitude of 
the vocal waveform (integrated over approximately one period of the fundamental) . 

The duration of each utterance within a sample, the third prosodic parameter, was 

♦ 

determined in the computer by processing the input from the amplitude extractor. When the 

amplitude dropped below a threshold value and remained there longer than the silence threshold 

(t^X four out of five samples, the end of an utterance was logged at the time of the 

initial drop. The start of a new utterance was recorded when the amplitude exceeded threshold 
again. 

f 

i 

In addition to defining the beginning and end of utterances, the computer performed the 
following preliminary processing. Whenever the amplitude fell below a minimal threshold 
value a Q , or the frequency fell below a minimal value f , in a 25 msec sample, the values 
of a and £ were set to aero. This eliminated spuriously low readings due to noise as well 
as vocal sounds without voicing at the glottis and hence without prosodic value. It also 
eliminated false frequency readings that would result from the rise-decay time of tha fre- 
quency meter in response to instantaneous onset or cessation of voicing. 

After sampling and than correcting the amplitude and frequency inputs in this fashion, 
the digital values were reconverted to voltages and plotted as a function of time on s strip- 
chart recorder. These records of the amplitude and frequency contours, after preliminary 
processing, were compered with those obtained directly from the parameter extractors (before 

computer processing) eo as to choose values of a , .f , end t that did not distort the 

original records • 

o 

ERIC 

■ - ! 



-7- 



After the preliminary processing, the computer determined, for each 95-sec sample, the 
number of utterances as defined above,, the duration of each utterance; and the mean and 
standard deviation of the fundamental frequency and amplitude of each utterance. Pooling 
these statistics for each of the utterances in a sample, the computer determined next their 
frequency distributions over the entire sample. These frequency distributions were found 
to be highly right-skewed. A logarithmic transformation was then applied in order to elimi- 
nate the skewness and thus to normalise the. distributions. Hence, all statistics were 
computed using the logarithms of the frequency, amplitude or duration values. The computer 
determined next the means and standard deviations associated with these transformed com- 
posite distributions. Consequently, there were two kinds of statistics reported for each 
95-sec sample: . (1) within utterance measures of central tendency and variability, averaged 
over utterances, and (2) between utterance measures of central tendency and variability. 

All in all, these composite statistics, for each -sample. were printed out along with their 
frequency distributions: 

4 . „ s * ♦ * * *'.■**» 

* % 

(let M - mean, S - standard deviation^ f - fundamental frequency, a - amplitude, 
d ■ duration.) 



M(MF) - overall fundamental frequency 

S (MF) - variability between utterances in fundamental frequency 

M(Sf ) - overall variability within utterances in fundamental frequency 

S(Sf) - variability between utte?apces in the variability within utterances in 
fundamental frequency 

M(Ma) , S(Ma) , M(Sa) , S(Sa) — as above but for the amplitude parameter 
Md - mean utterance duration 

Sd - variability in utterance duration 



These statistics, describing the three prosodic features of the vocalizing in each 
sample, are then plotted separately as a function of age at time of the sample, with the 
time of day (in three intervals) as a parameter. In this way, developmental trends may be 



discerned in the prosodic features of the infant's vocal behavior. 
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Results • In Fig* 1 the average fundamental frequency of utterances , H(Mf) 
and the coefficient of variation between utterances in fundamental frequency, 
CV^bU* are presented as a function of sample number* An examine 

Insert Fig* 1 about here 

tion of the developmental changes over the first 108 samples (141 days) shows 
that the average fundamental frequency M(Mf) at birth was approximately 450 cps 
that it decreased to 370 cps by sample number 33 (approximately 45 days), and 
that it then rose and stabilized at about 450 cps for the duration of the 
study. The coefficient of variation between utterances remained small and 
constant at between .01 and .03 over the entire study. 

In Fig. 2 the average duration of utterances in msec and the coefficient 
of variation of duration (CVD^ ■ Sd/Md) are presented as a function of sample 
number. The average duration ranges from 100 msec to 800 msec over the 108 
samples. No developmental trend is apparent although the variability from 
sample to sample does decrease with age. The coefficient of variation of 
duration remains constant at about .20 over the entire sample. 

Insert Fig. 2 about here 

Further examination of developmental trends awaits the completion of 
further statistical computations now in progress with the present data. 



Footnote 

i 

- 

This paper was presented at the First Symposium of the Development of 
Language Functions, sponsored by the Center for Human Growth and Development, 

I University of Michigan, on October 20-22, 1965. r 
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Figure Captions 

Fig. 1. Developmental trends in fundamental frequency. For each sample 
of vocalizing by this infant: the average fundamental frequency of each 
utterance was computed and converted to logarithmic units. These scores for 
the utterances were pooled", and the mean and coefficient of variation (a/M) of 
the distribution were determined and plotted. For convenience, the vertical 
axis of the former plot is labelled in units of fundamental frequency rather 
than its log transform. 

i 

Fig. 2. Developmental trends in utterance duration. For each sample 
of vocalizing; by this infant : the duration of each utterance was converted 
to logarithmic units. These measures for the utterances were pooled 9 and 

•5 . ; 

the mean and coefficient pf variation (a/M) of the distribution were computed 

and ‘plotted. For convenience, the vertical axis of the former plot is 

>■ * 

labelled in milliseconds rather than its log transform. 
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Some Influences of "Speed Set" on Rate of Comprehension 
• D* M. Brethower 




Some Influences of "Speed Set" on Rate 
of Comprehension During Testing 1 
Dale H. Brethower 

Center for Research on Language and Language Behavior 

and 

Reading Improvement Service 
The University of Michigan 

Abstract 

The rate of comprehension score of students taking the Diagnostic 
Reading Test can be influenced by! (1) speed work immediately prior to 
the test; (2) setting time limits; and (3) instructing students to read 
more rapidly. 

A measure used to help determine the effectiveness of reading improvement 

classes at the Reading Improvement Service (RIS) of the University of Michigan 

and of many other classes across the nation is the rate of comprehension score 

2 

from the Diagnostic Reading Test. Pre- and post- test scores on alternate 

forms of the test are obtained and gains are interpreted as indicators of read- 

3 

ing improvement. The interpretation rests upon the assumption that the pre- 

CJ* 

and post-tests are administered in the same way and under similar conditions. 

At RIS the tests are administered to the same students in the same classroom 
by the same person. However, from the student's point of view, the pre-test 
is administered in strange surroundings, among strangers, by a stranger, while 
the post-test is administered in familiar surroundings, among acquaintances, 
by a familiar instructor. Gains in rate of comprehension scores (R»C) might 
be due, in part, to differences in test conditions. 

Three experiments were completed to investigate the size of apparent R»C 
score gains due to manipulations of test conditions. 
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Experiment X 

i 

Method 

The Ss were 100 University of Michigan students who voluntarily enrolled 
in one of six non-credit reading improvement clashes which met two hours per 
week for 6-1/2 weeko. The majority were freshmen, followed in number by 
graduate students, sophomores, juniors, and seniors, respectively. 

f 

The control group comprised three classes taught by different instructors. 
All were pre-tested using Part 1 of the Diagnostic Reading Test (DRT) . The 12 
students in one class were tested using Form A of the teqt. The other 34 stu- 
dents were tested using Form B* 

The experimental group comprised three classes taught by different in- 
structors, one of whom also taught one class in the first group. The 16 stu- 
dents in one class were tested with Form A and the other 38 with Form B. The 
students were first pre-tested using the following instructions instead of 
those on page three of the DRT booklet: 

DRT Part 1 Speed Set 

Directions: Write your name, the date, and section number on the answer 

sheet. This is a test of reading skill. To start the test everyone will read 
together the lines at the bottom of page 3. I will read orally and you should 
follow, reading silently. When we come to the last word on the page, I will 
8 top, and you will simply turn the page and keep right on reading* Read the 
next four pages very quickly. At the end of one minute I will say ' Stop . ' 

4> 

When I say 'Stop,' turn to the comprehension questions and answer them by 
tferklng X's over the appropriate numbers on the answer sheet. 

Note to Instructors: (In answer to the question, "What if we don't finish?" 

say "If you can't read it all in one minute, just try to read the most Important 
parts to get all the Information you can during the minute*") (If they don't 
ask this or a similar question, you should give them the answer anyway.) 

■ me 
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They were then retested with the alternative form of the test, administered 
in the usual manner. 

Results 

The R*C scores taken from the tests which were administered in the usual 
manner were compared for the two groups. The average R»C . cote for the 
experimental group was 266, while the average R»C score for the control 
group was 236, a difference of 29 (t - 1.79, p. < .05). 

For the one instructor who was common to the two groups, the class 
in the experimental group (n - 16) had an average R*C score of 260. His 
other class had an average R*C score of 189, a difference of 71 (t - 2.9, 

p < .01). 

Administering a test under a time constraint (which would require reading 
at approximately 1700 words per minute to complete reading the selection) 
and then administering the test according to the usual directions results 
in a significantly higher than normal R # C score. 

At the RXS a pre-test is administered, followed by approximately ten 
hours of reading instruction, which frequently involves reading under time 
constraints. A pest-test is then administered. The average per cent R*C 
gain for 850 students was 85 during the year in which the experiment was 
conducted. Only a 12 per cent R*C gain as calculated by ( 2 ~~ - | 3 - 6 X 100) 
was obtained artificially. Other factors are' required to account for most 
of the per cent R*C gains shown in the reading classes. 
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Experiment 2 

Method 

The Ss were 24 students enrolled in a graduate course for training read- . 
ing specialists (Practicum: Diagnosis and Treatment of Reading Problems) , 

They were in a reading improvement class as one of the course requirements. 

The lqajority were elementary and secondary school teachers doing summer work 
toward an advanced degree in education. 

Form A of the DRT was administered as a prd-test. Then the instructor 

\ 

administered Form B, with these directions: 

"The test you have in front of you is au alternate form of the test you 
just took. The directions are the same except that you will have only three 
minutes to read the selection. At the end of three minutes I will say ’Stop*. 
When X say* ’Stop*, stop reading and answer the comprehension questions at the 
end. If you finish in less than three minutes* record your time and go on to 
answer the questions just as you did before. Are there any questions?" 

Results 

The time constraint established a reading rate of 419 words per minute. 
(Data from the two students who read faster than that on the first test were not 
analyzed.) The R»C scores of each of the remaining 22 Ss increased for the 

test taken under the time constraint. The average R'C was 326, which was 

* 

higher by 82 than the average R*C of 244 obtained from the results of the 
first test. 

The average comprehension score on the first test was 82 per cent, 
slightly higher than the average of 76 per cent obtained under the time 
constraint. Figure 1 shows the frequency distribution of changes in com- 
prehension from the first to the second test. 

' f 

Insert Fig. 1 about here 



The comprehension score of 50 per cent of the students dropped 10 per 

cent or more. The average R*C score for these students was 244 for the regular 

* 

test, 281 for the test given under time constraint, and 431 for the post- 
test given at the end of the course. 

For the other 50 per cent pf the students comprehension score dropped 5 per 
cent, not at all, or increased. The average R»C score for these students was 

■ ( 1 t 

263 for the regular test, 370 for the test given under time constraint, and 363 
for the post-test at the end -of the course. 

The apparent R-C gain (pro-test to pre-test under time constraint) for 
the entire class was- 34 per cent-. * The average R*C score after 10 hours 
of instruction was 397, a -gain of 63 ?per cent. However, the test given under 
time constraint seems to be a reasonable measure of reading skills of 50 per 
cent of the class, since comprehension dropped only slightly (four students), 
stayed the same (three students) , or increased (4 students) . If this pre- 
test is used as a baseline, these students showed no gain on the post- 
test. If the regular pre-test is taken as the baseline they showed a 40 
per cent R»C gain. The other 50 per cent of the students showed a gain 
of 77 per cent, using regular pre-test as a baseline, and a gain of 61 

per cent using the time constraint pre-test as a baseline. 

4 

Experiment 3 

Method 

The Sg were 34 students taking reading improvement courses. 

Thirteen were in- a RIS class. Twenty-one were in a class at Jackson, 

Michigan, offered- by- the Adult ’Education Department of the Jackson Public 
Schools. 

I » 

Students* wcre pre-tested -with- Form A of the DRT, At the last class 
meeting Form* B- was* administered as a post-test. Following* the post-test, 
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Form D was administered, the students being told to read it "just the way 
you've been reading the tirae4 exercises in class." 

Results B 

The per cent R*C gains from Form A to Form B made by each student were 
averaged, resulting in an average R*C gain of 93 per cent. The statistic was 
computed again for the gain from Form A to Form D, the test taken under in- 
structions to read the way they'd been reading class exercises. The average 
per cent R‘C gain was 131. Twenty-eight students had their highest R.C scores 
with Form D, 5 with Form B, and one had the same R«C score with Forms B and D. 

Instructors frequently report that students read more slowly while they 
are taking the test than while reading class exercises of equal or greater 
difficulty. The results of Experiment 3 suggest an interpretation of this 
difference in reading in terms of differences in the instructions given to 
the students. Students adjust their reading according to the instructions 
given. When given the test instructions to read as rapidly as they can and 
still understand, they read in one way. When instructed to read tbe way 
they ve been reading class exercises, their reading ^s influenced by instruc- 
tions they ve been given for class exercises. In courses taught by the staff 

of the Reading Service, students are often instructed to "Read very rapidly 

don't be too concerned yith comprehension. It will be all right." 

Another interpretation of the result is that the students are more 
anxious and therefore less competent while taking the real test. One would 
have to argue that though they are not told that results of the second test 
are experimental and confidential, etc., they somehow know it and are less 
anxious. While this latter interpretation is sometimes appealing, in this 
case it seems a bit tenuous. 
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Discussion 

The results of the three experiments illustrate once again that the cpn- 
ditions under which tests are administered influence test results. Changes 

in instructions influence results, as do the conditions immediately prior to 
taking the test. 

Experiment 1 showed an apparent R*C gain of 12 per cent as a result of 
taking a test under time constraint just prior to taking the regular pre-test. 
Experiment 2 showed an apparent R*C gain of 34 per cent at the beginning of 
a course as a result of taking the test under a moderate time constraint. 

No control experiment was conducted to see whether the results of the 
experiments were due to the test plus the time constraint. The tests alone 
might produce the same results. The issue is not particularly relevant to 
thiese experiments but it seems highly unlikely that merely reading under 
normal conditions would produce the enhanced scores. If reading without a 
special time constraint were effective in improving reading rates, we should 
all be reading much more rapidly than we do. For example, if the difference 
in R*C of 29 in Experiment 1 were due solely to reading the 1700 words, we 
would expect to increase our individual rates of reading by about 29 words 
per minute each time we read 1700 words. We don’t seem to do that. Any 
gain from reading the tests seems attributable to reading them under time 
constraints imposed by the Instructions for the speed tests. 

Experiment 3 showed an apparent average R* C gain of 38 per cent at the 

* 

in . 

end of a course as a result of taking the post-test with instructions to read 
the test as if it were a class exercise. Since the class exercises are 
frequently done under moderate time constraints, this instruction is very 
similar to the instruction used to produce a similar result in Experiment 2. 



* 



- 8 - 



The results of the experiments might be interpreted as indicating that 
both the pre- and post-tests underestimate vjhat the student can do. Since 
they both underestimate by about the same amount they serve as an accurate 
measure of gain. 

The results might also indicate that since it is so easy to change the 
scores one should be very careful about administering the tests in the 
prescribed manner. Even advising students to read the test the way they’ve 
been reading class exercises, then giving the directions in the prescribed 
manner, is likely to distort the results. Giving a speed exercise as a 
'’warm-up" just before giving the test (as was done in Experiment 1) also 
distorts the results. 

A third way of interpreting the results is to say that gains of less 
than approximately 40 per cent cannot be considered gains in skill but merely 
possible uncontrolled variations in the way the students approach the test. 

For example, the following is likely to produce good pre- to post-test gains 
while still carefully following the instructions for administering the test: 

1. Have some unbiased person administer the pre-test. 

2. Just before the post-test, give some speed reading exercises under time 
constraints. Say to the students, "That’s the way to read rapidly! If 

you zip along like that on a reading test, your scores will really be good!" 

3. Have some unbiased person administer the post-test. 

While one would be unlikely to do anything so blatant, one has no guarantee 
that students are unable to figure out Step 2 above without aid from the in- 
structor. Experiment 2 is a possible example. The class average gain was 
63 per cent. Yet, for half of the class at least, there is no evidence that 
they had done anything other than change their approach to the test • 
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Another point should be considered. If a student's comprehension is low 
on a post-test, any R*C gain is suspect. For example, if a student enters 
a course reading at 200 wpm with 100 per cent comprehension or an R*C of 200 
and leaves with an R*C score of 400, it looks like a substantial gain. But 
it is of dubious value if it comes from reading at 800 wpm with a 50 per cent 
comprehension score. (The "chance" level on the test is 25 per cent.) Reading 
at 200 wpm would enable him to get about 25 per cent of the way through the 
test in the time he apparently took, to read the test. Assuming that he knew 
something about the material covered in the article before he read it, his score 
can be accounted for without hypothesizing a gain in reading skills. 

The question remains as to which ways of administering the tests are the 
more valid as predictors of fjuture achievement. The procedure outlined above 
would lead to scores which correspond more closely to scores students typically 
get on class exercises. One does not know whether that procedure would lead 
to better predictions than would administering the test under the usual 
instructions. (The usual instructions have the student read knowing he's 
going to be quizzed beofre he has a chance to re-read and organize the 
material.) 

These experiments have shown that the test scores can be influenced in 
a variety of ways. They provide little if any information as to whether the 
Influenced scores are either more or less valid than test scores routinely 
obtained with the tests. They do, however, make R*C gains of less than about 
40 per cent highly suspect, even when the student's comprehension is high. 
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footnotes 

1. A version of this paper was presented at the Nprth Central Reading Associa- 
tion Meeting, Minneapolis, October, 1965. 

2. Diagnostic Reading Tests, Survey Section, by the Committee on Diagnostic 
Reading Tests, Inc., P. 0. Trigps, Chairman. 

3. The rate of comprehension score (R.C) is equal to the reading rate (in 

words per minute) times the comprehension score (in per cent correct). 

Per cent R*C gain - (R*C post-test) - (R.C pre-teat) 

R*C pre-test X 100 

4. Experiment 3 was conducted by Carl Semmelrotb of the Center for Research 
on Language and Language Behavior and the Reading Improvement Service 

of the University of Michigan .* 



Figure Caption 

Fig. 1. A frequency distribution of the changes in reading comprehension 

m 

when two forms of the Diagnostic Reading Test were administered, the second 
under time constraints. 
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Abstract 

This paper offers a general approach to development of foreign 
language courses. The approach involves five phases i (a) determin- 
ing general practical constraints, (b) general specification of 
terminal behavior, (c) analysis of behavioral and linguistic con- 
tent, (d) curriculum design, and (e) development of instructional 
materials. Goals of the second and third phases are the construc- 
tion of a comprehensive test for the curriculum and a cataloguing 
of the linguistic and behavioral content. 

Though language courses may have the same objectives, seven 
different designs (presented and briefly discussed demonstrate 
that the type of achievement at any given level prior to final 
achievement may differ drastically. 

Two criteria for sequencing the int-oduction of linguistic 
content are discussed. They are: (a) expandibility and (b) es- 

tablishment and maintenance of contrasts. 

Implications are suggested regarding ways of aiding the de- 
velopment of sound foreign language courses. 



Introduction 

Archimedes asked for a lever long enough, and a fulcrum, and he promised to 
move the world.... the programmer asks for an analytical breakdown of a set of 
skills, or a complex of behavior, into sufficiently small, linearly connected 
bits, and he can promise to shape a student's behavior to a desired pattern 
....the task of a FL programmer as he first confronts the vastly complex sys- 
tem of behavior that language represents, can be likened to a small boy with 
a screwdriver, gazing up at the Empire State Building which he has been 
ordered to dismantle. His task is further complicated by the fact that his 

dismantled building must be laid out in such a way that it can be re-assembled." 
(Sapon, 1961) 
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The quotation gives an indication of the magnitude of the problems in 
preparing a foreign language course. This paper presents a systematic five 
phase approach to the task. 1 

Phase I Determining practical constraints 
The purpose of Phase I is to make a rough assessment of a) the potential 
users of the course to determine what the course must be like for them to use 
it, and b) the constraints of time, money, and personnel.. The rough assess- 
ment would be refined in subsequent phases. 

Phase II General specification of terminal behavior 
During Phase II the designers would decide what they want the students 
to be able to say and do at the end of the curriculum. Statements such as 
" a proficiency equivalent to that of a 4th year student" are not sufficient. 
The goal is to design a comprehensive achievement test which measures all 
skills to be taught in the course. The test would serve as a content guide 
for design since only the skills tested would be included in the course. 

One way to begin constructing a test for a "comprehensive" course might 
be by tape recording samples of conversations that would occur in situations 
the designers expect the student to encounter after leaving the course. It 
would also be necessary to gather material the students would be expected to 
read, topics they would be expected to write about, and so forth. This method 
might require extensive field work. 

Phase III Analysis of behavioral and linguistic content 
In practice, Phase III would blend with Phase II. As materials were 
collected, syntactic structures and vocabulary items would be analyzed. 

^The approach is modified from an unpublished paper, "Techniques and proced- 
ures: Thai," written by the author as part of Contract 0OE-3-14-C12 between 
The University of Michigan and the Language Development Section, U.S.O.E. 



o 






|l 



>• - 3 - 

S amp lea of conversations and written materials would be collected to the 
point of diminishing returns, i.e., until few or no new structures were 
found and until relatively few new words were encountered. 

Currently available linguistic knowledge would, of course, be available 
to aid in the analysis. However, It should be kept in mind that much cur- 
rent information is based upon the written language and upon linguistic 
folklore, and cannot be relied upon to be adequate for the spoken language. 

At this point the designers would construct the actual comprehensive 
test for the course. It might require the students to hear, read and under- 
stand materials which contain all the structures. Understanding might be 
checked by requiring the student to write and speak about the materials. A 
variety of objective standards would be set to determine pronunciation, flu- 
ency, active command of structure and vocabulary, and receptive J 0 f 

structure and vocabulary. 

Phase XV Curriculum design 

Table 1 contains a summary of several possible designs for language 

courses and/or curricula. The designs are presented as evidence for the 

argument that there are several different and sensible designs for language 
courses . 

More detailed descriptions of the designs and a discussion of them are 
Included as an appendix. 



Insert Table 1 about here 



For any of the designs the criteria of a) expandability and of b) es- 
tablishment and maintenance pf contrasts would prove useful* These criteria 
provide guidelines in sequencing the introduction of linguistic content and 
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are Independent of the design employed* 

The criterion of expandability implies that structures and words which 
readily lead to introduction of other new structures and words should be 
taught first* This is a powerful guideline but in practice requires a good 
deal of ingenuity to apply. (cf. Sapon, 1961) 

The guideline is probably easier to apply to lexicon than to syntax 
since data on statistical frequency of occurrence of spoken words can be 
used as a rough guide. While expandibility and frequency are by no means 
the same they are probably highly correlated. However some very frequent 
words (and structures) such as those used in common forms of greeting simply 
do not lead readily to introduction of new material. 

An example of applying the expandibility criterion is found in part of 
a Thai course written by the author. Simple questions requiring affirmative 
and negative answers were introduced very early in the course. "Yes" is said 
by repetition of the Thai verb , "No" by a negative word plus the verb in 
answer to many questions. Use of these structures provides a powerful de- 
vice for introducing new verbs, checking comprehension, etc. Introduction 
of another question pattern usually requiring a noun in answer provides an 
additional tool for expansion. 

Criterion #2, establishment and maintenance of contrasts, applies most 
simply and directly to acoustical and visual contrasts. It implies that 
whenever a phoneme, grapheme, or intonation pattern is Introduced, similar 
’’ernes" or patterns with which it contrasts should also be Introduced at 
that time. Further, it implies that whenever a new word is introduced later 
in the program, acoustically similar words which occur in the same ordinal 
and grammatical position (in sentences or phrases) should also be Introduced. 
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It may be seen that the two criteria place formidable but valuable constraints 
on the designer. 

To recapitulate, at the end of the first four phases one would have a 
rough specification of practical constraints, a specification of terminal 
behavior, a specification of behavioral and linguistic content, one or more 
of several possible designs, and a guide for sequencing linguistic content. 

The rough specification of constraints could-*— if necessary-—- be made pre- 
cise* The specification of terminal behavior would be in the form of a com- 
prehensive Sinai exam from which one could construct alternate forms of exams 
which sample from the many skills. One could also construct a series of sub- 
tes^s suitable for measuring achievement of different levels of performance 
within each of the several course designs. 

Phase V Development of instructional materials 

The guidelines for sequencing would be applied to the syntactic struc- 
tures. When a sequence was established, the structural patterns would be 
filled in with lexical items in such a manner as to preserve acoustical and 
visual contrasts. The number of lexical items necessary at any level would 
be determined by the minimum number required to establish and contrast the 
syntactic structures and the visual and acoustical material. The* number 
would vary from language to language. 

The output of the first four phases would be used to develop the ins true- 

& 

tional materials. Exercises would be constructed following the overall design 
and using the sequence for introducing material. 

The materials and course would be tested by trying them with students and 
making revisions until the students met the pre-established criteria. 

This can be simply said but it involves keeping records of a tremendous 
amount of material in order to be sure that;, once an item or pattern is 
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int reduced, it and its contrasts are maintained and reused regularly. Con- 
structing exercises to present material under such precise constraints 
requires considerable ingenuity as well as concern for detail. However, there 
is no less constraining alternative other than a hit-or-miss approach. 

Implications 

There are some implications of the thoughts presented above which might 
prove to be quite important for those interested in aiding development of 
foreign language courses. 

A comprehensive final achievement test would be very useful as a target 
for curriculum development. Assuming that a comprehensive test, agreeable 
to all respected people could be constructed, sub tests generated from it 
could be used as practical measuring Instruments to be used within a course. 
Other sub tests generated from it could be used as measuring instruments for 
sub terminal achievement of students in widely divergent courses. For example, 
subtests could be generated which tested the skills involved at the end of 
the seven Phase I's in Table 1. 

The form that the content specification takes ve«M be Very important. 
Ideally, the specification would consist of completely cross-indexed and se- 
quenced lists of structures, behavioral situations, and words. First, the 
structures would be listed in the order in which they would be taught, using 
the criteria of expandlbllity and contrasts as guides. One structure would 
be listed and cross-referenced. Then the next possible expansions of the 
structure would be listed with references both to the behavioral situations 
which lead to the expansions and to the situations appropriate to the ex- 
panded structures. References would also be Included to the words appropri- 
ate to a) the behavioral situations , b) the transitions , and c) the expanded 
structures. With all that information, the course developer could begin 
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selection of the behavioral situations, words, and structural patterns to be 
used in the first lessons. 

If the specification of content took the above form it would be a huge 
undertaking. The information would be best stored in a computer, which might 

also be programmed to make the selections and compromises necessary in devel- 
oping the lessons. 

Carrying out such a complete cataloguing and cross referencing process 
would require a huge expenditure of time, talent and, therefore, money. 
Furthermore, the ultimate value of such an undertaking has not been proven. 
Without adequate proof to justify this undertaking it is reasonable to con- 
sider a practical compromise. 

A useful and acceptable compromise would be to specify content in the 
form of three lists: first, a sequenced list of structural patterns; second, 
a sequenced list of vocabulary items; and third, an inventory of behavioral 
situations. The cross indexing would be assumed to be a part of the behav- 
ioral repertoire of the course developer or his informants. 

Ihe major effort would go into the sequencing of structural patterns. 

Two, three, or more alternative sequences would serve to guide anyone devel- 
oping lessons while giving a necessary degree of latitude in making practical 
and pedagogical decisions. 

The list of vocabulary items would be sequenced in the form of groups of 
words to be taught together. The final list might be developed by going through 
three versions. Criteria for grouping of version //I of the list would 
be phonological. Version #2 would preserve the phonological grouping but 
restrict the grouping further by retaining only words which could be used 
within the structural patterns available in the corresponding part of the 
lists of patterns. A grouping in version // 3 would be further restricted by 
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constralnts imposed by consideration of the behavioral situations in whi:h 
the patterns and words might be used. 

Thus, one can envision an attack upon the problems of designing courses 
which involves 

a) development of comprehensive tests, 

b) development of sequences of structural patterns, 

c) development of vocabulary sequences, and 

d) development of sequences of behavioral situations. 

All oi the preceding would occur prior to the writing of any actual teaching 
materials . 

One might well wonder whether such a massive amount of preparation is 
necessary. Host literate people have been taught to give considerable thought 
to sequencing before writing. Some teachers even outline a course before the 

first day of class. But is it also necessary to write a comprehensive final 
exam before beginning the course? 

It ,is in so large an undertaking as teaching a language. Mere statement 
of objectives is not enough to guide us, even if we do it carefully. Watson 
(1960) says "If there is a discrepancy between the real objectives and the 
tests used to measure achievement, the latter become the main influence upon 
choice of subject matter and method." The best objectives become empty 
phrases if no one tests them adequately. 
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Appendix 

Designs for Language Courses 

The designs describe the test appropriate at the end of each phase of 
the particular course. 

DESIGN I 



Phase I 


Receiving Auditory Messages (transcription) 

Upon completion students will be able to write messages (up to five 
syllables in length) upon hearing the messages. 


Phase II 


Vocal Production (echoic) 

Upon completion students will be able to echo any utterance in 
the language (up to five syllables in length). 



Phase III Vocal Production (textual) 





Upon completion students will be able to read aloud any normal 
written message. 


Phase IV 


Comprehension 

Upon completion students will be able to answer multiple-choice 
questions about messages they hear or read. 


Phase V 


Discussion of Auditory and Visual Messages 

Upon completion students will be able to answer questions and 
discuss (by speaking or writing) messages they receive (either 
aurally or visually). 


Phase VI 


Development of Skills 

Upon completion, students will be able to read, write, and con- 

0 



verse In the target language. 
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DESIGN xx 



Phase X 


Auditory Discrimination 
** 

Upon completion students will be able to discriminate between any 
pair of phonemes in the target language when the phonemes are pre- 
sented in pairs of monosyllables. 


Phase XX 


Vocal Production 

Upon completion students will be able to produce, echoidy, any 
monosyllabic utterance in the target language. 



Phase III Discrimination of Grammatical Utterances 





Upon completion students will be able to tell which of two sen- 
tences, identical except for a grammatical error, is the correct 
one. 


Phase XV 


Production of Grammatical Sentences 

Upon completion students will be able to produce grammatical sen- 
tences when given the "key words" for the sentences. 


Phase V 


Auditory Comprehension 

Upon completion students will be able to answer questions, 

speaking in the garget language, about conversations and stories 
heard in the target language. 


Phase VX 


Reading Comprehension 

Upon completion students will be able to read the target language 
(aloud and silently) and be able to answer questions and describe 
what they have read, speaking or Writing in the target language. 


Phase VXX 


Development of Skills 

Upon completion students will be able to read, write and converse 
in the target language. 



0 
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DESIGN III 
Phase I 



Phase II 



Phase III 



Phase IV 



Phase V 
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Receiving Auditory Messages (comprehension) 

Upon completion students will be able to 

a) listen to auditory messages and report, in their native 
language the con tent. of the message, and 

b) answer multiple choice questions asked in the target language. 

Sending Vocal Messages 

Upon completion students will be able to speak in the target 
language, giving one or two "paragraph" speeches on a variety of 
topics . 

Receiving Written Messages 

Upon completion students will be able to read (aloud or silently) 
communications written in the target language and answer questions 
about them, speaking in the target language. 

Sending Written Messages . 

Upon completion students will be able to write letters and reports 
in the target language. 

Development of Skills 

Upon completion students will be able to read, write and converse 
in the target language. 
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DESIGN IV 



Phase I 


Auditory Comprehension .(Vocabulary of the target language) 

Upon completion students will be able to discuss spoken messages 
which use the grammar of the native language and the vocabulary 
of the target language. 


Phase II 


Visual Comprehension (Vocabulary of the target language) 

Upon completion students will be able to discuss written messages 
which use the grammar of the native language <*nd the vocabulary 
of the target language. 



Phase III Language Production (Vocabulary of the target language) 





Upon completion the students will be able to converse, read, anti 

? * 

write using the grammar of the native language and the vocabulary 
of the target language. 


Phase IV 


Receiving Auditory and Visual Messages 

Upon completion students will be able to demonstrate recaption of 
messages by answering multiple choice comprehension questions us- 
ing the target language. (Messages and questions can be auditory, 
visual, or mixtures of both auditory and visual.) 


Phase V 


Discussing Auditory and Visual Messages 

Upon completion students will be able to answer questions and dis- 
cuss (by speaking or writing) messages they receive. 


Phase VI 


Development of Skills 

Upon completion students will be able to read, write and converse 
in the target language. 
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DESIGN X 
Phase I 



Phase II 



Phase III 



Phase IV 



Phase V 



Comprehension (Grammatical structure of the target language) 

Upon completion students will be able to discuss spoken messages 

composed, using as much of the grammatical structure of the target 

language as is possible while retaining the vocabulary of the na- 
tive language. 

Language Production (Grammar of the target language) 

Upon completion students will be able to converse, read, and write 
using the grammatical structure of the target language and the 
vocabulary of the native language. 

Receiving Auditory and Visual Messages 

Upon completion students will be able to demonstrate reception of 
messages by answering multiple choice comprehension questions us- 
ing the target language. (Messages and questions can be auditory, 
visual, or mixtures of both auditory and visual.) 

Discussing Auditory and Visual Messages 

Upon completion students will be able to answer questions and 
discuss (by speaking or writing) messages they receive. 

Development of Skills 

Upon completion students will be able to read, write; and converse 
in the target language. 
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DESIGN VI 
Phase I 



Phase II 



Phase III 



Phase IV 



Phase V 



Conversation (short answer) 

Upon completion students will be able to take part in simple con- 
versations which require them to give one word answers to direct 
questions — all in the target language. 

Proofreading 

Upon completion students will be able to read along with an audi- 
tory message and detect errors in transcription of the message. 

He can answer questions about the message. 

Conversation (with script) 

Upon completion students will be able to take part in complex 
conversations, paraphrasing a script of their part or using key 
word script. 

Discussion of Auditory and Visual Messages 

Upon completion students will be able to answer questions and 

discuss (by writing or speaking) messages they receive. 

Development of Skills 

Upon completion students will be able to read, write, and converse 
in the target language. 



/ 
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DESIGN VII 

Phase I Proofreading 

Upon completion students will be able to read along with an 

auditory message and detect errors in transcription of the 
message. 

Phase II Comprehension 

Upon completion students will be able to answer multiple choice 
questions about spoken and written messages. 

Phase III Proofing 

Upon completion students will be able to correct errors in pro- 
nunciation, grammar, and transcription of an auditory message. 

Phase IV Conversation (with script) 

Upon completion students will be able to take part in complex 

conversations, paraphrasing a script of their part or using key 
word 8 crip t. 

Phase V Discussion of Auditory and Visual Messages 

Upon completion students will be able to answer questions and 
discuss (by writing or speaking) messages they receive. 

Phase VI Development of Skills 

Upon completion students wil* be able to read, write, and converse 
in the target language. 
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Tti6 designs presented ere "modern" in th&t each provides for auditory 
work before visual work, listening before speaking, and reading before writ- 
ing. None of the designs necessarily require teaching formal linguistic 
knowledge about grammar, pronunciation, etc. 

Each design could be made into several strikingly different courses by 
different techniques of presentation. For example , one course might make 
extensive use of the student's native language, while another might make very 
little or no use of the student's native language. One course might follow 
the design through all its phases with a very limited portion of the language. 
Another course might do nearly all the language appropriate to one phase be- 
fore moving on to the next phase, while a third course might go through each 
phase with a limited part of the language, then go through each phase with 
another part, and so on. Other designs can easily be generated, still pro- 
viding auditory before visual, etc. , by selecting phases from among the 
designs and recombining them, or by designing different phases. 

Designs IV & V involve mixing the target and native languages— something 
few teachers recommend and something many students seem to do anyway. Rather 
than seeking to avoid the problems of mixing the languages the designs require 
facing and combating possible errors resulting from the mixing. Waving these 
designs in front of linguistically-oriented pedagogues has much the same 
effect as waving a red flag in front of a bull. Extending the analogy, there 
is some evidence that bulls are color blind and some evidence of uncertainty 
as to precisely why the designs are decreed "bad." The effective stimulus 
seems not to be redness in the case of the bull or the ineffectiveness of 
the design in the case of the pedagogue 0 

The stimulus for the bull is probabj * motion but the stimulus for the * 
pedagogue's emotion is harder to specify. The emotion might be based upon 
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the observation that one's first language tends to be better than one's second 
language— the conclusion being that one should learn his second language the 
same way that he learned his first one. The pedagogue's reaction might also 
be based upon a concern for the integrity of the second language as Language. 
Mixing languages might do violence to language as capital-L language but it 
remains to be proven that it does violence to language as human behavior. 

To reiterate, the major point is that the designs could conceivably be 
designs for dozens of different courses in the same language having the same 
objectives and content and whose students ultimately achieve the same degree 
of mastery in the same amount of time. Yet at "mid-term" or "the end of the 
first year" students would possess strikingly different skills and score 
quite differently on a general test of achievement. 



of Designs 
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Variety and Programed Instruction 

or 

1 

What Can't Be Programed? 

George L. Gels 

Center for Research on Language and Language Behavior 



Abstract 

Programed instruction is a process by means of which self- 
instructional materials are developed. The first step in this 
process is a statement of the behaviors that the program will be 
designed to produce. Thus, the answer to the question. What can 
be programed? hmges on what instructional objectives can be 
stated in sufficiently explicit behavioral terms. The traditional 
distinctions among content areas in education, and those between 
performances reouiring rote versus concept learning, do not prove 
useful in answering the question. 



The words "programed instruction" refer to a process . not a product. 

The first step in that process consists of an explication, or detailed ac- 
count, of the behavioral changes that the programer is attempting to produce, 
along with the development of valid measuring instruments to test whether 
the program reaches its objectives. Examples of desired behavioral changes 
might be higher scores on examinations, increased skill in a manual task, more 
competent performance in designing a research study, or greater ability at 
analyzing a painting (indicated by judges' ratings on some checklist). When 
behavioral objectives have been spelled out, the programer engages in behavioral 
analysis, i.e., he determines the small components (abilities and skills) which 
make up the major behavioral changes he is attempting to engineer. It is 
important to note that the programer is engaged in the specification of, and 
the analysis of, j^havior, not content. The sophisticated programer does not 
program a body of knowledge. He is not bound by the classical sequencing and 
information coverage which make up the content of the field. Rather, he is 



engaged in the study of how to produce certain behavioral changes. This dis- 
tinction between content orientation and behavior orientation— between teaching 
something and teaching someone— is crucial to an understanding of how the pro- 
gramer works, what can be expected of programs, and what can be programed. 

Revised in the light of this discussion, the above query might read, 

"What changes in behavior can be obtained using materials developed from the 

4 

programing process?" 



Content Classification 

Since we traditionally classify educational materials, including pro- 
grams, on the basis pf content, it is not possible to answer the preceeding 
question directly; ipstead, the answer must be inferred from the titles of 
available programs (Hanson, 1964; Hendershop, 1964). Programs can now bo 
obtained in such diverse content areas as psychology, preschool training, logic, 
social studies, music, arithmetic and mathematics at all levels, business 
education, languages, physics, and nursing— to cite a few examples. 

There are programs for professional education (e.g., biochemistry for 
medical students), specific skills (e.g., how to measure board feet, how to 
remember faces and names, how to ude a micrometer), continuing education 
(e.g., programs on specific drugs, designed for an audience of doctors), and 
so forth. As a reminder, it is not certain what behaviors are being developed 
in these programs, nor is it known, even after inspecting most of them, whether 
they produce the* indicated behavioral changes . This can be discovered only by 
trying them out. 

Additional programs recently initiated or developed at the University of 

Michigan range over auch diverse fields as art (appreciation of the visual arts), 
psychology (personnel selection) , music (discrimination of and notation of a 
series of notes) , English (the analysis of short stories) , religion (the two- 
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source theory about the synoptic problem; , physiology, Latin, and counseling. 

To answer the question posed early in this paper, it can be said on the 
basis of inspection of titles and content of programs that there is no obvious 
restriction on the content areas for which programs can be developed. 

It should be noted that there are, unfortunately, only a very few programs 
available commercially whose titles suggest terminal behaviors rather than 
'content." For example, there is a program, Effective Listening - (Basic 
Systems, 1963), designed to produce just that, and another, General Relationship 
Improvement (Human Development Inst., 1963) designed to produce improved 
interpersonal relations. These recent titles suggest that programed instruction 
may lead to a radical restructuring of curriculum on the basis of behavioral 
goals rather than content classification. 

Objectivity and Creativity 

It has become a cliche in programed instruction to answer the question, 
"What can be programed?" with the statement, "Anything that can be taught.' 

The programer means by this statement that, if the behavior has been taught 
previously jj it is possible to describe it explicitly enough for programing— 
although this specification of the instructional objectives may not have been 
verbalized by either the teacher or the student. Since the teacher cannot 
specify the objective nor, often, the means of achieving that objective, 
the change that has taken place in the student may appear somewhat mysterious. 

It is true that, unless behavioral goals are described, it is impossible to 
develop- a program to produce them. But the behavioral specification of 
instructional objectives is an equally important task for the teacher who does 
not plan to develop a program. The teacher who fails to complete this task 
is like an engineer constructing an object which he cannot describe ahead of 
time, but can only recognize when it is completed. Before one is able to 
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decide that particular behaviors cannot be programed, he must spend time 
discovering whether or not he can specify, in quantitative terms, what the 
behaviors are that he wishes to produce. (One attempt at such a specification 
is, obviously, the writing and scoring of a final examination.) 

On this point a more precise answer by the programer to n What can 
be programed?" might be, "That which can be specified." And the amendment 
might be added, "Efficient and effective teaching, programed or not, probably 
depends upon the specification of terminal behaviors." 

In programed instruction one is often challenged by a question which the 
speaker assumes to be rhetorical; "You certainly can’t program creativity 
or imagination, can you?" Suppose this is not taken as a rhetorical question. 
"• light of what has been said above, the programer might answer: "If 

you can specify for me, or with me, what behaviors you regard as creative 
and imaginative, we can together attempt to write a program which will produce 
those behaviors." The immediate response might be that it is impossible to 
specify them. Indeed, it is difficult to recognize the product, much less 
the behaviors that produced it. The programer might pursue the argument along 
these lines: There must be some behaviors in other people which you respond 

to as creative and imaginative; let’s engage in an investigation of the con- 
ditions, that is, the behaviors, which lead you to say the words ’creative* 
and imaginative'. Or he might say,"Show me some examples of creative and 
non-creative behaviors." This is not to say that the problem is completely 
clarified at this point. For example, it seems that we often respond with 
such words as "creative" and "imaginative" to new, unique responses, though 
newness or uniqueness is not the sole criterion for using these words. 

(Indeed, some of the people who exhibit the most unique and original behaviors 
are consequently institutionalized.) Additional dimensions of the concept 
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creative" can be slowly extracted, but probably the definition will never 
be as exact as that of, say, pronunciation of Parisian French. The programer 
will be faced with a most interesting and challenging problem-the production 
of behaviors which can be specified only in general terms but cannot be pre- 
dicted at a molecular level. The problem of arriving at reliability among 
judges for such terminal behaviors is difficult enough; providing (or accurate 
self-evaluation of such responses by the student (the competitor function) 
is even more challenging. The growing literature programed instruction 
gives evidence that programers are concerned with complex and subtle repertoires 
such as those related to creativity. For the present, however, psychology is 
only on the threshold of identifying the behavioral components which, when 

combined in certain ways and under certain conditions, produce the behaviors 
we cell creative or imaginative* 

A related challenge to programed instruction concerns stereotypy and 
variablility of behavior. According to a common criticism, programed instruction 
is applicable only to those cases in which the result of instruction is the 
production of the same responses for all students. Of course, that is pre- 
cxsclv .the instructional objective in many traditional content areas in edu- 
cation. This restriction, however, may prevent much imaginative and exciting 
programing. Suppose producing variation in response in a class of students 
is desired. How is this effect presently achieved? Usually, not much is done. 

At beat W» try not to suppress variability, and depend upon the different 

- b * C '* BWmda and lntetest8 ° f ^e students to generate it. However, it is not 
correct to assume, merely because the causes of variability are not known or 

consciously produced, that it is uncaused or caused by a set of procedures 
other than those which produce stereotypy. To teach two children to 
speak English, the same basic instructional operations may be employed as in 
teaching one child English and one child French; in the first case we would 

produce stereotypy in the behavior of our population and in the second 
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variability or diversity. Programers can take an active role in the ^production 
of such behavior; much as in the case of creativity, they can produce programs 
that develop' individual behaviors in different students. The problem seems 
to be to define the classes of allowable variants, how much and what kinds 
of variability are acceptable. Once this has been done, it is as conceivable 
for a program, as for a teacher, to produce the results. Of course, an obvious 
solution would be to produce as many different programs (and, therefore, 
students) as, variants desired. On a slightly more subtle level, computer- 
based programs aimed at making use of and producing variation in the student 
are now being developed in a number of universities. Indeed, the computer 

may be a more patient and sensitive instructor for this kind of teaching than 
the human. 



Rote Versus Concept 

One of the most common statements made by teachers in discussions of 
programed instruction runs about as follows: "I know of a great deal of 

material in my course that I would like to program — rote material — material 
that every student has to memorize, it seems silly that I should stand up 

and lecture on such things." The teacher has dichotomized material into rote 

» • 

and conceptual. Yet the distinction between "rote" and "conceptual" does 
not seem clear. Rote seems to refer to something intrinsic in the materials 
(a vocabulary list, a telephone number, etc.); sometimes it seems to refer 
to the behaviors learned ("He repeated in a rote way what he had teamed.") . 
Sometimes it seems to refer to the method of learning ("learning by rote"). 
And occasionally all three characteristics seem to be present. Similarly, 
the term concept or conceptual has numerous and quite different referents. 

Traditionally, rote is taken to refer to a situation in which responses 
are automatic or unmediated. Thus, it might be said that the student learned 
or replied by rote when we observe him instantly answer to the phrase "1492", 
ERJC "Columbus discovered America." 
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It is not the purpose of programed instruction to teach such responses. 
Indeed, rote responses can probably be taught most economically in the 

traditional ways. Given a list of paired associates, pairs of words or phrases, 
the average student .can commit them to memory. 

The deeper, more Important question Is really? "Why would we ever want 
to teach such things?" With the advent of the printing press, the library, 

usd, today, sophisticated information-retrieval systems, ope muse, at the amount 

• * * .* , 

of time spent cramming such "facts" into the heads of every student, as if we 
were on the verge of losing, at any moment, all the tables, reference books, 
and the like that have accumulated over the centuries. 

Far from a facile instrument for teaching such (often inane) reflexes, 
programed instruction, just because it is expensive, time-consuming, and exhausting 
to develop, forces a careful examination of what is to be taught. In this way 
it tends to focus the programer on teaching crucial concepts rather than a 
myriad of facts. Though, it is true, most available programs are little more 
than texts that have undergone word surgery, programing can be an instrument 
of concept-formation rather than information- transmission. A few programs 
have demonstrated that not only is this possible but that the program is often 
the most efficient way of developing the concepts required. 







References 

Basic Systems. Effective Listening . Hair Yorks Basic Systems, 1963* 

Hamum, LvP. Prog rams ^63. Washington, D.C.: W.S. Office of Education, 1964. 
Henderahop, C. H. 4 bibliography s£. programs and praaantatlon davlcag. 

Saginaw: Schar Printing Co., 1964. 

Hunan Development Institute, general gelatlonehln Improvement Program . 

Atlanta: Human Development Institute, 1963. 



Footnotes 

lightly different version of this paper is due to appear in the Spring 
issue of Audiovisual Communications Review. 



h, 



Bibliography of Programmed Instruction 
S. F. Knapp 




Bibliography of Programmed Instruction 
Stephen Knapp 

Center for Research on Language and Language Behavior 

This bibliography of programmed instruction is up-to-date (as of 
September 1, 1965) and contains the bulk of material written (at least in 
book form) on programmed instruction. Also included is a list of bibli- 
ographies of programs. 

It should be noted that the journal articles included were chosen * 
because they appeared as references in other works. This list is by no 

means complete, and should not be construed as a representative sample of 
the literature. 

This bibliography can be of value to the researcher looking for a 
specific reference, to the research assistant who must track down references, 
and to the student or individual interested in programmed instruction, who 
is seeking a reading list. 

Also included is a short list of books and programs on Skinnerian or 
operant psychology. 

Any additions or corrections to this list will be appreciated. 

Articles 

Barcus» D. , Hayman, J. L., Jr. >& Johnson, J. T., Jr. Programming instruction 
in elementary Spanish. In J. P. DeCecco (Ed.) Educational technology ; 
readings in programmed instruction . New York: Holt, Rinehart & 

Winston, 1964. 

Barlow, J. A. Conversational chaining in teaching machine programs .. Psychol . 
Rej>., 1960, 2., 87-193. 



- 2 - 



Barlow, J. A. Project tutor. Psychol . Rep . . I960, 6., 15-20. 

Bruner, J. S. The new educational technology. Amer . bejhav. Scientist . 1962, 

6 , 57-7. 

Buckley, N. Programmed learning; return to reality. Dun’s Rev .. 1964. 

Carroll, J. B. Wanted: a research basis for educational policy on foreign 
language teaching. Harvard educ . Rev . . 1960, 30, 128-140. 

Carroll, J. B. Reviews of; Fernand Marty, Programming a basic foreign 

language course : prospects for self-instruction , and F. R. Morton et al.. 
Programming of audio-lingual language skills for self-instructional pre- 
sentation . Contemp . Psychol . . 1962, J7, 437-439. 

Carroll, J. B. A primer of programmed instruction in foreign language teaching. 
IRAL, 1963, 1, 115-141. 

Carroll, J. B. Sorcerer’s apprentice at large. Contemp . Psychol . . 1964, JJ, 
188-190. 

Carroll, J. B. , & Leonard, G. The effectiveness of progr«"w»^d "grafdrils" 
in teaching the Arabic writing system . Cambridge: Graduate School of 
Education, Harvard Univ. , 1963. 

Cook, D. A. Programmed learning: a revolution in instruction. Graduate 
Faculties Newsltr . New York: Columbia Univ., November, 1960. 

Cook, D. A. Programmed instruction and the aims of education. In A. E. 

Traxler (Ed. ) Improving the efficiency and quality of learning . 

Washington, D. C. : Amer. Council on Educ., 1961. Pp. 21-29. 

Cook, R. A. , & Mechner, F. I. Fundamentals of programmed instriittion. 

Columbia E ngng . Quart . . 1962, 15, 18. 



-3- 



Cook, D. L. Teaching machine terms* AV instruc t; 1961, 152-153. 

Coulson, J. E., & Silberman, H. F. Effects of three variables in a teaching 
machine. J. educ. Psvchol . . 1960, 51, 135-144. 

Coulson, J. E., & Silberman, H. F. Automated teaching and individual differences. 
Audiovis. Commun . Rev. . 1961, J9, 5-15. 

Crowder, N. A. Automatic tutoring by means of intrinsic programming. In A. A. 
Lumsdaine «& R. Glaser (Eds.), Teaching machines and programmed instruc- 
tion. Washington, D. C. : National Educ. Assn., 1960. Pp. 286-298. 

Csanyi, A. P. An investigation of visual versus auditory programming in teach- 
ing foreign language pronunciation. In Investigations of the characteristics 
of programmed learning sequences . Pittsburgh: Univ. of Pittsburgh, 

Programmed Learning Lab., 1961. Pp. 135-150. 

Dale, E., & Chall, J. A formula for predicting readability. Educ . Res . Bull . . 
1948, 27, 37-54. 

Davis, Nancy H. A second teacher. A self-instuctional device created from a 
tape recorder and teacher ingenuity. AV Instruc. , 1961, 6., 134-136. 



Evanr , J. L. Multiple-choice discrimination programming. Paper read at Amer. 

Psychol. Ass., New York, September, 1961. 

Evans, J. L. Programmers, experts, and the analysis of knowledge. Paper read 
at Amer. Ass. for the Advancement of Science, December, 1961. 

Evans, J. L. , Glaser, R. , & Homme, L. E. The Ruleg system for the construction 
of verbal learning sequences. J. Educ . Res . . 1962, 55, 513-518. 



-4- 



Fattu, N. A. Training devices. Encyclopedia of educational research . (3rd ed.) 
New York: Macmillan, 1960. 

Ferster, C» B., & Sap on, S. M. An application of recent developments in 

psychology to the teaching of German. Harvard Educ. Rev . . 1958, 28, 58-69. 
Feurzeig, Wallace. Conversational teaching machine. Datamation Magazine . . 

1964, 10, 38-42. 

Finn, J, D. Technology and the educational process. Common . Rev . . 1960, Winter 
5-26. 

Finn, J. D. Technological development: its meaning for education. In R, T. 

Filep (Ed . ) , Perspectives in programming . New York: Macmillan, 1963, 

Pp. 192-224. 

Freeman, J, T. The effects of reinforced practice on conventional multiple 
choice tests. Automated Teaching Bull . . 1959, JL, 19-20. 

Gagnd, R. M. The acquisition of knowledge. Psychol . Rev . . 1962, 89, 355-365. 

v 

Gagnd, R. M. The analysis of instructional objectives for the design of 
instruction. In R. Glaser (Ed.), Teaching machines and progra m™**^ 
learning . II: data and directions . Washington, D. C. : National Educ. 

Ass . , 1965. 

Geis, G. I. Some considerations in the evaluation of programs • Audiovis . 

Commun . Rev . . 1962, lg, 64-69. 

Gilbert, F. F. Mathetics: the technology of education. J. Mathetics. 1962, 

1, 7-73. 

Gilbert, F. F. Mathetics II. The design of teaching exercises. J^. Mathetics . 
1962, 1, 7-56. 

Glaser, R« Some research problems in automated instruction: instructional 
programming and subject, matter structure, in J. E. Coulson (Ed.), 

PrnflrflflHneri learning and computer-based instruction . New York: Wiley, 1962. 
Pp. 67-85. 






-S- 



Glaser, R« Research and development Issues In programmed instruction. in 

R. T. Filep (Ed.), Prospe ct ivea in programing . New York: Macmillan, 

1963. Pp. 278-309. 

Holland, J. G. Research on programming variables. In R. Glaser (Ed.), 

Teaching machines and programmed instruction . II : data and directions . 
Washington: National Educ. Ass., 1965. Pp. 66-117. 

Homme, L. E. Teaching machine applications. Paper read at XIV International 
Congress of Applied Psychology, Copenhagen, August, 1961. 

Horn, R. E. The rhetoric of programming. Programmed Ins true . Newsletter . 
1963, 2, 4-5. 

Joint Committee on Programed Instruction and Teaching Machines. Criteria 
for assessing programed instructional materials. AV Instruct .. 

1963, 8, 84-89. 

Kersh, B. Y. Programming classroom instruction. In R. Glaser (Ed,), Teach- 
ing machines and programmed Instruction . II : data and directions . 
Washington, D. C. : National Educ. Ass., 1965. 

Lane, H, L. Teaching machines and programmed learning. Harvard Educ . Rev . . 
1961, 31, 469-476. 

Lane, H. L. Programmed learning of a second language. IRAL, 1965, 2 , 249-301. 
Lane, H. L. , & Geis, G. L. A program for reviews and a review of a program in 
linguistics. Contemp . Psychol . . 1965, 10, 441-445. 



o 

ERIC 



Marquardt, W. F. Programmed instruction: general principles for the teaching 
of English as a second language. Lang . Learn . . 1963, 13, 77-83. 



•» 6 < " 

Mechner,F.I. Science education and behavioral technology, in R. Glaser (Ed.), 
I nching machines and programmed learnin g. II : data and directions : 
Washington, D. C. : National Education Assn., 1965. 

Melton, A. W. The science of learning and the technology of educational 
methods. Harvard Educ . Rev. . 1959, 29 , 84-106. 

Miller, R. B. Analysis and specification of behavior for training, in 

R. Glaser (Ed.), Training research and e ducation . Pittsburgh: Univ. of 
Pittsburgh Press, 1962, 31*62. 

Miller, R. B. Task description and analysis. In R. Gagnd (Ed.), Psychological 

J>F*nc.lples in system development . New York: Holt, Rinehart, and Winston, 
1962. Pp. 287-228. 

Moore, 0. K. Autotelic response environments and exceptional children. In 

Jerome Hellmuth (Ed. ) The special child in century 21. Seattle*- Special 
Child Publications, 1964. Pp. 87-138. 

Morton, F. R. The language laboratory as a teaching machine. Jnt .. J . Amer . 
Ling . . 1960, 26, 113-166. 

Morton, F. R. , (Ed) Programming of audio-lingual language skills for self- 
instructional presentation . Ann Arbor: Publications of the University 
of Michigan Language Laboratory, VI, 1961. 

Page, D. C. Teaching the child who "can't" read. Introduction to The 
Language Master. Bell and Howell, 1957. 

Parry, S. B. To err is human. • .and sometimes desirable. Progra*"f"»d Instruct. 
Newsltr . , 1963, 2/ 4-5. 

Pines, M. How three-year-olds teach themselves to read and love it. 

Harper's Magazine . May, 1963. 



o 



-7- 



Popp, H. , & Porter, D. Programming verbal akills for primary grades. 

Audiovis. Commun . Rev., 1960, S 9 165-175. 

Premack, D. Toward empirical behavior laws: I. positive reinforcement. 
Psychol . Rev .. 1959, 66, 219-233. 

Resnick, Lauren B. Programmed instruction and the teaching of complex 

intellectual skills: problems and prospects. Harvard Rduc . Rev .. 1963, 

33, 439-471. 

Rothkoph, E. Z. Some observations on predicting instructional effectiveness 
by simple inspection. J. Programed Instruct .. 1963, 2,, 19-20. 

Saltzman, I. J, Programmed self-instruction and second language learning. 

IRAL. 1963, 1, 104-114. 

Saltzman, I. J. One man's average is another man's genius? Contemn . Psychol . . 
1964, 9, 238. 

Schaefer, H. H. E. A. Poe as a reinforcer. Psychol . Rep . . 1961, 8, 398. 
Schaefer, H. H. A vocabulary program using "language redundancy." 

J. Programed Instruct .. 1963, 2 t 9-16. 

Skinner, B. P. Teaching machines. Science . 1958, J.2&, 969-977. Reprinted in 
A. A. Lumsdaine & R. Glaser (Eds.), Teaching machines and prn^ratwmed 
instruction . Wash, D.C.: National Educ. Ass., 1960. Pp. 159-172. 

Skinner, B. F. The programming Oi. verbal knowledge. In E. Galanter (Ed.), 
Automatic teaching : the state of the art . New York: Wiley, 1959. 

Pp. 63—68. 



Skinner, B. F. Teaching machines. Scient . American . 1961, 205. 90-102. 




8 



Skinner, B. F., & Holland, J. G. The use of teaching machines In college 
Instruction, in 4. A. Lumsdalne and R. Glaser (Eds.), Teaching 

MPhlnes j^ o&rammed Instruction . Washington: National Educ. Ass., 

1960. Pp. 137-158. 

Stolurow, L. M. Problems In evaluating automated Instruction. Teachers 
Coll . Rec. , 1961, 63, 66-70. 

Stolurow, L. M., & Davis, D. Teaching machines and computer-based systems. 

In R. Glaser (Ed.) , Teaching machines and programmed learning . H : 

.SSl directions . Washington: National Educ. Ass., 1965. Pp. 162-212. 
Sturwold, Virginia G. Sources of self-instructional devices. AV Instruct .. 6, 144-145 
Taoer, J. I., & Glaser, R. An exploratory evaluation of a discriminative 
transfer learning program using literal prompts. J, educ . Res,, 1962, 

55, 508-512. 

Tracy, W. R. Program reviewers checklist. £.,£[.£. ,1. j. 1965, V, 6-7. 

Uttal, W. R. On conversational interaction. In J. E. Coulson (Ed.), 

Programmed .learning and computer-based instruction. New York: Wiley, 

1962. p p . 171-190. 

Valdman, A. Reviews of: F. Marty, Programm ing a basic foreign language course : 
PJOfipfectfl , for self-instr u ction; and E. Burroughs, A programmed course in 
French phonetics. French Rev .. 1963, 3£, 419-422. 

Valdman, A. Toward self-instruction in foreign language learning. IRAL, 

1964, 2, 1-36. 



-9- 



Bibliographies 

Center for Programed Instruction. Programs : '62 . Washington: U. S. Govt. 
Printing Office, 1962 f 

Center for Programed Instruction. Programs '63 . A guide to programed 
instruct ional materials available to educators by September 1963 . 
Washington: Office of Education, OE-34015-63, 1963. 

Center for Programed Instruction. Programed instructional materials — *64 - *65 . 
New York: Bureau of Publications, Teachers College, Columbia Univ. , in 
press. 

Charry, L. (Ed.) Teaching machine program register . Philadelphia: Temple 
Univ. Management Services, 1961. 

Darby, C. L. An annotated bibliography on the automation of instruction. 

Draft research memorandum. Port Bliss, Texas: U. S. Army Defense Human 
Research Unit, 1959. 

Fry, E. B. , Bryan, G. L.,&Bolles, R. C. Teaching machines: an annotated 
bibliography. Audiovis . Commun . Rev . . 1960, J5, Suppl. 1, 1-80. 

t 

Hendershot, C. H. Programmed learning: a bibliography of programs and 
presentation devices. Bay City, Michigan: Author, 1964. 

Joint Publications Research Service. Teaching machines and programmed learning 
in the Soviet Bloc (a survey of the published literature . 1962-1963) . 
Washington: U. S. Dept, of Commerce, 1964. 



ERIC 



10 - 



Books and Technical Reports 

Abma, J. S. Programed Instruction -past, present , future . Wright -Patterson 
Air Force Base, Ohio: Behavioral Sciences Laboratory, 1964. 

Angell, D., & Lumsdalne, A. A. Cueing methods , In P.I. Washington, D. C.: 
Amer. Inst, for Research, 1962. 

Barlow, J. A. The Earlham College self- instructional program. Paper read at 
Dept, of AV Instruct., 1960. 

Barlow, J. A. The impact of "teaching machines" on educational philosophy: 
from "sponge and sieve" to "self-serve spoon feeding." Richmond, Ind. : 
-arlham College, 1962. 

Basic Systems. Introduction to programmed instruction. New York: Author, 
1962. 

Bell, R. , & McDonald, P. S. Experimental use of self-instructional courses 
in Russian and Spanish by secondary school students. Arlington, Va. : 
Arlington County Public Schools, 1964. 

Berlin Conference • B&richt ttber die Internationale Kbnferenz Progr*»iTmierter 
jhterricht und jehemaschinen . Berlin . 1963 . Berlin: Comelsen Verlag, 
1964. 

Bloom, B. S. , (Ed.) Taxonomy of educational objectives . New York: Longmans 
& Green, 1954. 

Bloom, B. S. , & Krothwohl, D. R. Taxonomy of educa t ional obi ectives . New 
York: Longmans &-Green, 1956. 

Bottiglia, W. F. (Ed.) Reports of the} working committees . Oxford, Ohio: 
American Classical League Service Bureau, 1963. 



o 

ERIC 



- 11 - 



Brethower, D. M. .Prog.ramed Instruction: a, manual of programing techniques . 
Chicago i Educational Methods, 1963. 

Brethower, D.M. ,& Rummler, G. Operant conditioning : a management technique . 

Ann Arbor: Center for Programmed Learning for Business, Univ. of Michigan, 
. 1962. 

Brown, 0. R, Comparative studies in the principles for programming mathematics 
in automated instruction. Univ. of Illinois, Tech. Rep. 12, 1964. 

Coulson, J. E. (Ed.) Programmed learning and computer-based Instruction . New 
York: Wiley, 1962. 

Cram, D. Explaining "teaching machines" and programming . San Francisco : 

Fear on Publishers, 1961. 

\ 

Davis, D. J. , & Stolurow, L. M. Computer-based systems — the new research aid . 

Urbana, 111.: Training Research Laboratory, Univ. of Illinois, Technical 

Report #6, 1964. 

DeCecco, J. P. (Ed.) Educational technology . New York: Holt, Rinehart & 
Winston, 1964. 

de Grazia, A., & Sohn, D. A. Programs . teachers, and machines . New York: 
Bantam, 1964. 

de Grazia, A. , & Sohn,* D. A. Revolution in teaching : new theory , technology . 

Mid curricula . New York: Bantam, 1964. 

Deter line, W. A. Introduction to programmed instruction . Englewood Cliffs, 

N. J. : Prentice-Hall, 1962. 

Dolmatch, T. B., Marting, E., & Finley, R, E. (Eds.) Revolution in training t 
programmed instruction in industry . New York: American Management 
Association, 1962. . 



ERIC 



- 12 - 



Eigen, L. D. The .construction of frames of an automated teaching program. 

New York: Collegiate School Automated Teaching Project, 1959, 

Epstein, S., & Epstein, B. The first book of teaching machines . New York: 
Franklin Watts, 1961, 

Estes, W. K. Learning, Encyclopedia of educational research . (3rd ed.) 

New York: Macmillan, 1960. Pp. 752-767. 

Filep, R. T. (Ed.) Prospectlves In programing . New York: Macmillan, 1963. 

Fine, B. Teaching machines . New York: Sterling Publishing, 1962. 

Finn, J. D., & Perrin, D. 6. Teaching machines and programmed learning . 1962 : 
a survey of the industry . Occasional paper no. 3. Los Angeles: 
Technological Development Project of the National Education Ass. , 1962. 

Foltz, C. I. The world, pf teaching machines . Washington: Electronic 

Teaching Laboratories, 1961. 

Four case studies of programed Instruction . New York : Fund for the Advancement 
of Education, 1964. 

Fry, E. B. Teaching machines and programmed Instruction : an Introduction . 

New York: McGraw-Hill, 1963. 

Gagnd, R. (Ed.) Psychological principles in svstefe development . New York: 

Holt, Rinehart & Winston, 1962. 

Galanter, E. (Ed.) Automatic teaching : the statq, of ,the art . New York: Wiley, 
1959. 

Glaser, R. (Ed.) Training research and education . Pittsburgh: tfniv. of 
Pittsburgh Press, 1962. 

Glaser, R. (Ed.) Teaching machines and programmed learning. IX : data and 
directions. Washington, D. C. : National Educ. Ass., 1965. 



- 13 - 



* 



Glaser, R. , Reynolds, J. H. , & Fullick, M. G. Programmed Instruction In the 
Intact classroom . Pittsburgh: Univ. of Pittsburgh, 1963, 

Glaser, R. , & Schaefer, H. H. Principles of programm ing printed materials . 

Pittsburgh: Unlv. of Pittsburgh, final report on Contract AF 33(616-7175), 
1961. 

if , * 

Green, E. J. The learning process and program med Instruction . New York: Holt, 
Rinehart, & Winston, 1962. 

* 

Hilgard, E. R. (Ed. ) ^Individualized instruction . In 1964 Yearb. nat. Soc. for 
Stud, of Educ. Chicago: Nat. Soc. Stud, of Educ., 1964. 

Holzman, J. G. , Schaefer, H. Hi, & Glaser, R. Matrices and mathematical 

programming: mathematical bases for management decision making . Chicago : 
Encyclopedia Brit&nnica Press, 1962. 

Homme, L. E. , & Klaus, D. J. Laboratory studies in the analysis of behavior . 

Albuquerque: Teaching Machines, Inc., 1961. 

Horland, C. I., Lumsdaine, A. A., & Schef field, F. D. Experiments in mass 
communicat ion . Princeton: Princeton Univ'. Press, 1949. 

Hughes, J. H. Programmed instruction for schools and i ndustry . Chicago: 
Science Research Ass., 1962. 

i 

Hughes, J. L. (Ed.) Programmed learning : a critical evaluation . Chicago: 
Educational Methods , 1963 • 



Irion, A. L. , & Briggs, L. J. Learning task and mode of operation 4fr4riablea 
In use subject matter trainer . Lowry Air Force Base, Colo. : 

Ait Force Personnel and Training Research Center, 1957. 



-14- 



Kopstein, F. F. , & Shi lies tad, Isabel J. A survey of auto- instructional 
devices , Wright -Patterson Air Force Base, Ohio: Aeronautical Systems 
Division, Technical Report 61-414, 1961, 



Lane, H, L, Techniques of operant conditioning applied to second— language 

learning. Paper presented at the Proc , XIV int , Cone , applied Psychol . , 
Copenhagen, 1961. 

Lane, H. L. , & Buiten, R. L. Preliminary manual for the speech auto-instruct-tonai 
device . Progress Report No, V, November, 1964 * Ann Arbor: Behavioral 
Analysis Lab., Univ. of Michigan. 

Leavitt, J. E, Programmed learning and teaching machines . Salem, Ore,: State 
Dept, of Educ,, 1961. 

Lumsdalne, A. A. (Ed.) Student response in programmed instruction . Washington, 

D. C.: Natl. Acad, of Sciences*-- Natl. Res. Council, 1961. 

Lumsdalne, A. A., & Glaser, R. (Eds.) Teaching mac hines and programmed 
learning . Washington, D. C. s Natl. Educ. Ass., 1960. 



Lysaught, J. P. (Ed.) Programmed, learning: evolving principles and industrial 

applications. Ann Arbor: Found. Res. Human Beh., 1961. 

» 

Lysaught, J. P., & Williams, C. M. A guide to programmed instruction. N.Y. : Wiley, 1963 

* ip 

K« F. Preparing objectives for programmed instruction . San Francisco: 

Fearon, 1962. 

Margulies, S. , 6 Eigen, L. D. (Ed.) Applied programed instruction . New York: 

Wiley, 1962. 

Markle, Susan M. Good frames and bad . Nep York: Wiley, 1964. 



o 

ERIC 




-15- 



Markle, Susan M., Eigen, L. D,, & Kamoski, P. K. A programed pr^er on pro- 
graming, New Yorks Center for programed instruction, 1961. 

Marty , Fernand. Progra mming ai basic foreign language course : prospects for 
s elf-instruction . Roanoke, Va. : Audio-vis. Publications, 1962. 

Meacham, J. D. Programm ed Instruction training manual . La Mesa, Calif.: 

J, Raven Publications, 1963. 

Mechner, F. I. Insuring good retention . New York: Basic Systems, 1961. 

Mechner ; F. I. Programmi ng for automated instruction . New York: Basic 
Systems, 1961. 

Mechner, F.' I. Behavioral technology and the efficient use of subject-m atter 
experts . New- York: Basic. Systems,. 1964. 

Melton, A.' W. Categories of human learning . New York: Academic Press, 1964. 

Miller » * R; B . Psychological considerations for the design of training equiy t- 
ment. Wright-Patterson Air Force Base, Ohio: Wright Air Development 
Center , 1954. 

Mueller , T. H. Trial use of the ALLP French Program at the University of 
Akron . Akron: Univ. of Akron, 1964. 

Newmark, 6. A. A new design for teaching foreign languages using dramati c 
motion pictures and programmed learning materials . Santa Monica : 

System Development Corp., 1962. 

Newmark, G. A. Research in programmed instruction in Spanish with seventh 
grade students . Santa Monica: System Development Corp., 1964. 

$ 

Oefiesh, G. D*, & Mierhenry, W. C. (Eds.) Trends in programmed instruction. 
Washington, D. C.: Natl. Educ, Ass., 1964. 

Programmed Learning Lab. Investigations of the characteristics of sro gr^ed 
learning sequences . Pittsburgh: Univ. of Pittsburgh, 1961. 



o 

ERIC 



-16- 



Rock lyn, E. H. , Moren, R. I., & Zinovieff, A. Development and evaluation of 
training methods for the rapid- acquisition of language skills . HUMRRO 
Res* Kept. 9. Alexandria, Va . : . Human Resources Res* Office, George 
Washington Univ*, 1962* 

Roe, A* Automated teaching methods using linear programs * Los Angeles: 

Dept, of Engng., Univ. of Calif., 1960, -- 

Rothkopf, E., & Coke, E. Variations in phrasing , repetition interval , and the 
recall of sentence material . Murray. Hill, N. J. : Bell Telephone Labs., 

Saltzman, I. J. The construction and evaluation of a self-instructional program 
in Russian. Bloomington, Ind.s Indiana Univ., Final rept. on Office of 
Educ. Title VII, Project No. 658. 

Sapon, S. H. Programmed learning and the teacher of foreign languages. In the 
final report of the Seminar in Language and Language Learning, Dept, of 
Romance Lang. & Lit., Univ. of Washington, Seattle, 1962. 

Schramm, W. Programed instruction today and tomorrow . New York: The Fund 
for the Advancement of Educ., I960. 

{ V 

Schramm, W. (Ed.) The research on programed instruction . Washington, D. C. : 

U. S. Office of Educ., 1964. 

Silberman, H. F. A computer controlled teaching . ma ch in e. Technical memorandum. 
Santa Monica, Calif.: Systems Development Corp., I960. 

Silberman, H. F. , Coulson, J. E», Melaragno, R. J., & Estavan, D. P. Fixed 
sequence versus branching in _a computer-based teaching machine. Santa 
Monica: System Development Corp., 1960. 

Silberman, H. F. Automated teaching : ai review of theory and research. 

Port Washington, N. Y.: U. S. Naval Training Devices Center, I960. 



o 

ERIC 



17 



Smith, W. I. , & Moore, J. W. Prog* staged learning : theory and research . 

New York: D. Van Nostrand, 1962. 

Stolurow, L. M. jfejiching by machine. Washington: U. S. Government Printing 
Office, 1961. 

Taber, J*I.„ Glaser, R. , & Schaefer, H. H. Learning and programmed instruction . 
Reading; Mass.: Addison Wesley, 1965. 

Teal, G. E. (Ed.) Programmed instruction in industry and education . Stamford, 
Conn.: Public Service Res., Inc., 1963. 

Thomas, C. A., Davies, J. K. , Openshaw, D. , & Bird, J. B. Programmed^ learning 
in perspective . London: Lamson Tech. Products Ltd., 1963. 

Wiener, N. Cybernetics . New York: Wiley, 1948. 

Wiley , John & Sons . A guide for Wiley authors in the preparat ion of auto- 
Instructional programs . New York: Author, 1963. 




o 

ERiC 



18- 



Psychology 

Gels, G. L., St ebb Ins, W. C., & Lrnidin, R, W. The study of behavior . Vol. X, 
Parts 1» 2 . Reflex and operant conditioning . New York: Appleton- 

Century-Crofts, 1965. 

Hilgard, E. R. (Ed.) Theories of learning and Instruction . In 1963 Yearb. 

net. Soe. Stud. Educ. Chicago: Univ. of Chicago Press, 1964. 

Holland, J. G. , & Skinner, B. P, The analysis of behavior . New York: 
McGraw-Hill, 1961. 

Keller, P. S., & Schoenfeld, W. N. Principles of psychology . New York: 

Apple ton-^Century-Crofts, 1950. 

Skinner, B. F. Science and hum an behavior . New York:. Macmillan, 1953. 
Skinner, B. Fw Verbal behavior .. New York; Apple ton-Century-Crof ts , 1957. 
Skinner, B. F. Cumulative record . New. York: Appleton-Century-Crofts, 1961. 



o 

ERIC 



Differential Kates of Learning Mandarin Chinese Tones 

J. R* Peterson 




Differential Rates of Learning Mandarin Chineae Tone* 

John R. Peterson 1 

• « 

Canter for Raaearch on Unguage and language Behavior 



Abstract 

Six pairs of tonemes were selected from Mandarin Chinese, and 
the members of each pair were contrasted in initial, medial and 
final position in triads providing all permissible environments a 
Thirteen students learned to Identify the members of each con- 
trastive pair by pushing one of two buttons and observing a con- 
firmation device. The jJs* initial, terminal and overall errors 
were analysed as a function of contrasts, Ss, frames, and environ- 
ments. 



Almost all £s showed highest error rates for the contrasts 
between tone two and tone three and tone two and tone four. The 
former contrast was associated with better Initial accuracy but 
little improvement, whereas the converse was true for the latter 
contrast. It may be more difficult to learn to discriminate 
differences in pitch level than those in pitch contour. Regular 
tone sandhi affected the error rates. Identification learning 
seemed to be environment-specific, in that discriminations 
acquired in one environment degenerated when the environment was 
changed. 



Analysis of the patterns of error indicates the tonemic con- 
trasts that require teaching, the relative difficulty that they 
present to English speakers, and the effects of the phonetic 
environment on discrimination learning. 



In Mandarin Chinese a word has not only constituent segmental phonemes 
but also a distinctive toneme. This toneme is characteristic of the word and 
distinguishes it from other words. If the word spoken contains the wrong 
toneme, then it becomes highly probable that either no Information is conveyed 
or the speaker is misunderstood. There is also the third possibility that re- 
dundancy will supply the required repairs. 

In teaching Mandarin as a second language to speakers of a non- tonal 
language, the perception and production of tonemes become problems of con- 
siderable import. A search of the most frequently used classroom texts 
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in tccching Mindivin fulls , however^ to ihcd light on thi nature of thus 
difficulties. What vat needed was a corpus of tonemlc identification data 
illustrating soma of the confusions to ba found. The following study Is an 
attempt to identify several of these toneme confusions as they occurred in 
the context of a self— instructional audio**' lingual program in spoken Mandarin 
Chinese (Morton, Chou, & Peterson, 1964). 

That portion of the program pertinent to this discussion had as its goal 
the establishment of a set of distinctive responses to toneme classes. Each 
toneme class is defined by and distinguished from any other toneme class 
through the operation of a limited number of multi-dimensional cues* Although 
the exact nature and number of these cues has yet to be discovered, it is* 
necessary for the student to form concepts based on the cues Inherent in the 
toneme class, as well as conditioned cues arising from the phonetic environment. 

Method 

Stimuli 

Mandarin ^s four toneme classes, plus a neutral toneme. The verbal 
descriptions of the four tonemes are as follows: 
tone one, high level; 
tone two, high rising; 
tone three, mld-f ailing-rising; and 
tone four, high falling. 

Tone five, the neutral tone, is a pitch point with no discernible contour, with 
a relatively high pitch following tone three; or relatively low pitch following 
tone one, two, or four. 

Six bi-directional contrasts were chosen from these five tones for observe- 

'■> 

tion. These six contrasts were to occur in each of the following environments: 



finally, occurring after two first, second, third or fourth tones g 
medially, between two first, second, third, or fourth tonee; and 
Initially, before two first, second, third, or fourth tones* 

Each environment In which contrasting tones were presented was considered to 
be a separate learning frame. This gave a total of 64 frames In which one 
bi-directional contrast was presented In one environmental situation (tone 
five did not occur In an Initial position). These 64 frames represent 128 
specific Identification tasks. 

The sequencing of the identification tasks was based largely on formal 
grounds, although some pedagogical considerations were taken into account. 

Many teachers of Mandarin hold that tone two and three are commonly confused, 
partly because of a minimally contrastive contour in most environments and 
partly because of a regular perturbation effect Which results in a tone three 
becoming perceptually identical to a tone two when it occurs before another 
tone three. This particular sandhi effect Is said to be unaffected by stress 
or tempo factors. Errors for this contrast were expected to Increase in these 
particular environments. It was decided, therefore, to deal with this contrast 
after the ostensibly easier contrasts had been presented. 

At the other end of the difficulty scale was the contrast between tones 
two and four. The teachers whom we consulted agreed that they had never 
observed this contrast to be particularly difficult. Consequently, this con- 
trast was used as the introduction to each new environment. The second set 
of contrasts involved tones one and two. Tone two is said to become a tone 
one under certain conditions of environment and stress. The converse is not 
true, however. It was hypothesised that this would lead to a clustering of 
errors wherever the environmental conditions obtained. By the same token, 
these tones must be kept distinct in all other environments. Unlike the 
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trtusfotiMtion of tons thrss to tons tvO| thit of tone two to tone oxu$ Is 
affected by tempo and stress . 

Tone four was then contrasted with tone one, and then with tone five, and 
tone three was also contrasted with tone five* The sequence of presentation 
for the environmental tones was not ordered by any subjective difficulty 
scale, but in a simple numerical order: one, two, three, four. The position 
within the tonal environment always proceeded from final to medial to initial. 
The contrasted tones vpere all heard in the same environmental condition before 
moving to the next environment. It was hypothesised that each contrast would 
become successively easier with environmental changes as a consequence of 
generalisation. 

Thus, the complete sequence was as follows, using tone one as the 
environmental tone: 

114*112, 111*112, 111*114, 114*115, 113*115, 113*112, 141*121, 111 *121, 

111*141, 141*151, 131*151, 131*121, 411*211, 111*211, 111*411, 311*211. 

Tl^ls sequence was then repeated with tones two, three and four as the environ- 
mental tones. 

Procedure 

All tone stimuli were recorded on tape by one female native speaker of 
Pekingese Mandarin from voicing scripts written in Chinese characters. Each 
utterance was rechecked to make sure that it was a clear rendering of the 
desired tonal pattern. The phonological content of the underlying syllable 
was randomly selected so as to permit allotonlc variation. The emphasis was 
on a clear, naturally-produced Chinese utterance showing normal environmental 
perturbations. All recordings were subsequently filtered electronically to 
attenuate frequencies above 250 cps in an attempt to reduce the salience of 



segmental cues* The residual tone contour was again checked by native speakers 
for quality of each utterance. The Identity of each member of the pair of tones 
contrasted was encoded on a second tape-track with pure tones* These activated 

relays during presentation of the tape, enabling confirmation and automatic 

* <* 

records of Ss* responses. The tapes were. placed in RCA cartridges for use 
with a modified Viking cartridge player* The thirteen JSs were permitted to 
proceed at their own rate and to recycle through any given problem as many 
times as they wished, although each problem was to be kept in sequence. 

Cumulative records of each work— through were collected in the form of a permanent 
chart* Cumulative scores (number of correct identifications) were auto- 
matically provided for the student at the end of each work- through. A ten 
per cent maximum error rate was established as a criterion performance, with 
the stipulation that each S, could move on to a new problem if at any point 
he felt further progress was unlikely. This flexibility in the criterion 
performance was dictated by a lack of empirical evidence concerning probable 
performance records for the tasks at hand. 

Before starting a frame each SI was given workbook instructions that 
described the tonal contrasts, as well as the environmental tones and the 
location of the contrastive tones relative to the environmental toners for 
each frame. The Sa had in front of them two response-buttons corresponding 
to the individual members of the bi-directional tone contrast. 

Each jS was instructed to respond immediately after hearing each tone 
stimulus by pressing the appropriate button. If his response was correct, 
the button was illuminated and he received one point on a digital counter 
in front of him. If the response was Incorrect, the correct bu tto n was * 
illuminated and one point was subtracted from his cumulative score.. A; 
response was effective only during a period of 600 msec after the termination 

„’'Y' : ■ - ■ ■■ t -i 
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of the stimulus. The Ss were encouraged to respond t> every item, and records 
show very few instances where no response occurred. Thus, it appears that the 
600 msec interval was probably adequate. The following stimulus occurred 
approximately 750 msec after the termination of the preceding one. 

Subjects 

The Ss were seven female and six male students in a beginning course in 
Mandarin Chinese offered by the University of Michigan. The Modern Language 

Aptitude Test was administered to each S prior to his first contact with the 
program (see Table 1). 

Insert Table 1 about here 



Results 

Information on toneme confusions was gathered from the cumulative records 
of 13 Ss. More than 9*000 confusions occurred in over 40,000 observations. 

Each confusion was identified along with the environmental condition prevailing 
when the error occurred. In order to examine the relative difficulty of learn- 
ing to discriminate the various toneme contrasts, errors were analyzed as a 
function of Ss, contrasts, frames, and environments (see Figs. 1 - 15). 

Insert Figs. 1-15 about here 

Looking at the data another way, the extent and rate of change in the 
occurrence of errors was taken as a second measure of the difficulty presented 
by a particular contrast. Accordingly, the mean percentage of correct responses 
on the first trial of each frame was computed— for those Ss who took more than 
one trial on that frame (entry score). For the same is* the mean per cent correct 
just before moving on to the next frame was also computed (exit score). For each 
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frame, the mean number of repetitions divided into the mean difference between 
entry and exit gives the mean gain per trial (see Fig. 16). 

Insert Fig. 16 about here 

An error analysis of each tone contrast can be found in Figs. 1-15. 

In Fig. 1 cumulative error is shown as a function of the 64 frames ranked by 
error. It is clear that more than half of the errors are attributable to a 
few frames, many less than half of the total set. 

Figure 2 shows cumulative errors as a function of Se ranked by error. 

Over half of the total errors were attributable to less than one third of the 
students. A separate analysis showed that there was close agreement, however, 
in *the distribution of these errors among the different contrasts. It would 
seem that although the sample is small, agreement between Ss on the confusions 
is high. 

Figure 3 shows cumulative errors as a function of the tone sent and 
received over all environments combined. Each is ranked by error. Over 50 
per cent of the cumulative error in the program is attributable to the bi- 
directional contrast between the second and third tone, confirming the teacher 
consensus to this effect (described earlier) • Most significantly, this diffi- 
culty was quite resistant to change, as can be seen clearly in Fig. 16. Also 
note that this contrast has the highest average entry score of the six 
contrasts examined. 

Surprisingly, the contrast shown toy Fig. 3 to be second in order of diffi- 
culty^ involves tones two and four, which account for 23 per cent of the total 
error. It appears that the rate ^f change in the pitch of these two tones is 
a reliable cue, whereas the direction of change is not. Figure 16 shows that 

performance on this contrast made very rapid gains in all environments, except 

... j _ : :• 
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medially between tone one, and that a considerable percentage of Ss ie involved 
In repeats of this contrast. 

Figures 4 to 15 show each tone contrast ranked by error in each of its 
possible environments. A preliminary analysis of these data reveals that the 
most difficult tonal environment is medially between tone one or three. It 
would seem that all contrasts show maximum difficulty when they are contiguous 
to tones in the extremes of the voice range. 

Figure 16 gives evidence that all of the six contrasts fail to show any 
generalization effects from one environment to the next. Perhaps the sequence 
of training all contrasts in one environment before moving to a new environment 
is not as advantageous as training one contrast in all environments. 
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Figure Captions 

Pig. X. Cumulative errors plotted as a function of frames ranked by error. 

Pig. 2. Cumulative errors plotted as a function of Ss ranked by error 
frequency o 

Fig. 3. Cumulative errors are shown as a function of the tone sent and 
tone received over all environments, ranked by error. This represents 9,420 
errors out of 41,786 observations. N ■ 13. 

Fig. 4. Cumulative errors where tone 3 was transmitted, tone 2 received, 
plotted as a function of environments ranked by error. Twenty-six per cent of 
total error . 

Fig. 5. Cumulative errors, sent 2, received 3, as function of environments 
ranked by error. . Twenty- five per cent of total error. 

Fig. 6. Cumulative errors, sent 4, received 2, as function of environment 
ranked by errors. Nine per cent of total error. 

Fig. 7. Cumulative errors, sent 2, received 4, plotted as function of 
environment ranked by errors. Seven per cent of total errors. 

Fig. 8. Cumulative errors, sent 4, received 5, as function of environment 
ranked by errors. Six per cent of total errors. 

Fig. 9. Cumulative errors, sent 1, received 2, as function of environment 
ranked by errors. Five per cent of total errors. 

Fig. 10. Cumulative errors, sent 5, received 4, as function of environment 

ranked by errors. Five per cent of total errors. 

Fig. 11. Cumulative errors, sent 2, received 1, plotted as function of 

environment ranked by errors. Four per cent of total error. 

Fig. 12. Cumulative errors, sent 1, received 4. Plotted as function of 
environment ranked, by errors. Four percent of total error. 

Fig. 13. Cumulative errors, sent 4, received 1 as function of environment. 



Four per cent total error. 
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Fig. 14. Cumulative error*, sent 3, received 5 es function of environment 
ranked - by error* • Three per cent of total error* • 

Fig. 15. Cumulative error*, sent 5, received 3, ahown a* function of 
environment ranked by error*. Two per cent of total error. 

Fig, 16. Bar chart allowing the aix bi-directional tone contract* grouped 
according to their environmental factor*, i.e., F « finally, after the 
environmental tone*, one, two, three, or four; H » medially, between the 
environmental tone*; or I ■ Initially, occurring before the environmental 
tone*. Alao shown are the mean entry score* for each, the mean exit score*, 
the mean trials to exit, and the percentage of Sa involved. 
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Selected Annotated Bibliography on Education 
of the Culturally-Disadvantaged 

Melvyn X. Sammel and Carol Midgley 
Center for Research on Language and Language Behavior ‘ 

Foreword 

The growing interest in the education of disadvantaged youth has stimulated 
the publication of this bibliography. This work is not designed to provide the 
reader with a comprehensive list of available material on the subject. Rather, 
it is anticipated that the annotated references will serve to stimulate dis- 
cussion and further reading of these materials. 

The six sections of this bibliography, based on Havighurst's (1964) 
classification of socially-disadvantaged groups, arej 

(1) The Negro and Disadvantaged Group in General, 

(2) Rural, 

(3) Migrant and Mexican, 

(4) Southern Mountain, 

(5) Puerto Rican and 

(6) Related References. 

The following brief summary of major references should serve to orient the 
reader to the content subsumed by the listings: 

Conant (1961) suggests that deprived children, in many cases, need a 
different educational emphasis than do children of the higher socioeconomic 
classes. He suggests vocational, job-oriented programs for slunr schools. 
Silberman (1964) and Clark (in Passow, 1963) deplore this attitude. Clark 
speaks of the “archaic”' educational snobbery' which permeates this book. He 

condemns the impiieation that there are* «ome- classes of people who can be 



educated and some whc* cannot. Silbertan states, "The task of the school 
system is not Just to turn out masses of literate men; it is to ti*m out 
vast numbers of people educated considerably beyond tne level that previous 
societies demanded of their ruling elite." 

Riessman (1963, 1965) calls upon educators to emphasize the positive 
aspects of the lower class environment. He particularly mentions their 
humor, comradeship, informality and equalitarianism. "I believe that these 
disadvantaged youngsters, with their own culture. . .style and. . .positives, 
can help us change the middle class, the school system, and the society," 

He feels that the schools place too much emphasis on speed and formal language. 
Speaking of culturally deprived children, he says, "We should remodel the 
schools to suit their needs." Davis (1949) agrees that the curriculum of most 
schools is largely middle-class oriented. He believes that reading is over- 
rated at the expense of reasoning and problem solving. He objects to the 
"narrow academic stereotyping of the curriculum." Following the same line of 
thinking , Wolfe (1962) corome** j on the Inadequacy of current school programs 
and makes specific recommendations for curriculum adaptations. "The present 
curriculum is based upon traditional activities and skills arbitrarily taken 
from middle— class culture .... Few efforts have been made to address the curricu- 
lum to the unique needs of the culturally disadvantaged." Cohn (1959), on 
the other hand, "cannot agree with Davis in his recommendation that the school 

should place less weight on Verbal-skills training in order not to penalize 

* 

the lower class child to the extent that it does." She suggests that the 

4* 

schools should identify the handicaps of the lower-class child and plan 
appropriate instructional programs. Havighurst (1964) disagrees with "senti- 
mental talk about the ’valuable' or 'positive* characteristics of the culture 
and therefore developing school programs that allow the child to profit from 
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these positive qualities." He goes so far as to say that "There is substantial 
doubt that the socially disadvantaged children in our big cities have any 
positive qualities of potential value in urban society in which they are system- 
atically better than the children of families who participate fully in the mass 
culture." He suggests that more emphasis be placed on readiness programs in 

t» x , 

the preschool and primary* years , rather than on changes in the curriculum. 

Xscoe and Pierce-Jones (1964) believe that divergent thinking scores 
(which have been linked to creative behavior) were higher for a group of Negro 
children than for a group of white children of similar socioeconomic background. 
"It may well be that divergent thinking affords the Negro child a better 
advantage than that afforded by tasks arising out of middle class norms and 
culture . " 

Fisher (1961) presents a novel approach to the discussion of the deprived 
child with his admonition to avoid stereotyping and generalizations. "In some 
ways the teacher who did not know about social class differences had better 
attitudes about the varying needs of individuals than the teacher who categorizes 
people too easily." 

Several authors comment on projects which were not expanded or were discon- 
tinued, even though the results had proved most favorable (Bienenstok, 1964; 
Silverman, 1964; Thomas, 1959). A survey of school administrators indicated 
that a majority of them were unwilling to assume responsibility for a preschool 
enrichment program until adequate financing was assured ("Preschool Plan is a 
'Pipe Dream' Without Funds", 1964). Krugman (1961) and many others point out 
that compensatory programs may be costly when compared with an average educa- 
tional program, but represent an over-all saving when one considers the cost 
of failure, loss of educated man power, delinquency, crime, maladjustment and 
mental illness. 
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Levine <1964) comments* on- some -important factors to be considered in 
newly-integrated • classrooms y stating that integration alone, without compensatory 
measures , could be harmful to* deprived children* He makes an interesting 
prediction- of future linrest over segregation in homogenous -ability groupings 
within the classroom* and suggests* that attention be given to this problem now. 

Keller (1063) writes* about the* typical experiences of underpriviledged 
children and* explains why*, using* the same index of socioeconomic status, the 
social environments' of Negroes- and white differ. 

Passamanlck* (1963)* and .others' have' postulated that there are no innate 
differences In intelligence between groups and* that disparities emerge "as a 
consequence of differential stimulation and motivation and the relative 
impoverishment of environment of the lower classes." Passamanlck (1958) 
presents added insight into the question of mental deficiency among deprived 
groups in* his analysis of prematurity and birth complications. He found "a 50% 
greater risk of prematurity for Negro infants, as contrasted to white, but also 
a significant association* of prematurity and low socioeconomic status, in whites. 
The complications of pregnancy has an even more striking socioeconomic and 
racial distribution." He theorizes that "except for a few quite rare hereditary 
neurological defects resulting in mental deficiency, at conception , individuals 
are quite alike and become different consequent to their experiences." 

The theory of critical periods in behavioral development is mentioned in 
many of the references. Scott (1962) suggests that there are optimal periods 
for infantile stimulation, for learning,; and for the formation of basic social 
relationships. Hunt (1964) uses this position and Piaget's work, relative to 
the origin of intelligence, as the basis for his article on the psychological 
justification for preschool enrichment. Martin Deutsch (1964) supports Hunt's 
position and emphasizes the need for preschool enrichment programs, stating that 
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there is a need, at the three- to four-year*-old level, for "organized and 
systematic stimulation." Cynthia Deutsch (1964) contends that there is an , 
optimal time for developing auditory discrimination, and that children from 
a noisy environment may not be able to develop this facility at the critical 
* time and may, therefore, 1 be seriously hampered in their ability to verbalize 
and to read, 

Moore* s (1964) articles on school dropouts, in which he argues that 
promotion and failure to finish school are highly correlated, create speculation 
about possible alternatives to grade failure. The NEA publication on The School 
Dropout (1964) presents an "explorative, multi-disciplined approach" to the 
whole subject, including many novel ideas. For example, Edgar Z. Friedenberg, 
in an article entitled 1 "An Ideology of School Withdrawal," writes: "My hunch 
is that a large proportion of the dropouts may be doing what is best for them- 
selves under the atrocious circumstances that exist.... It does not follow that 
most of the students tiow dropping out would have a better chance - even 
economically - if they stayed in school.... I think [that] the youngsters who 

I 

drop out are probably, in many ways, a more promising moral resource than those 
who stay in, and are driven out in part by moral revulsion from the middle class 
life of the school. .. .We must help them deal with their situation on their terms, 
with our resources." His criticism of the Higher Horizons Program is also of 
interest. 

West (1965) has summarized and analyzed all doctoral dissertations completed 
in 1963 whose topics 1 were related to* the Negro and Negro education, and concludes 
that "Creative conceptualizing and careful testing of new methods for meeting 
recognized educational problems are clearly lacking." 
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The Negro and Disadvantaged Croups in General 

Baynham, Dorsey. The great cities projects. NEA J, 1963, 52 . 16-20. 

* A brief review of some of the programs launched by grants from the Ford 
Foundation in tfca Great Cities School Improvement Program is presented. Each 
city has an individual approach with different emphasis. 

Bienenstofc» T, » & Sayres, W. C. Project ABLE : an appraisal . Albany: Univ. of 

the State of New York, 1964. 

A state sponsored project "for the purpose of identifying and encouraging 
potential abilities among pupils from culturally deprived groups and from low 
socioeconomic backgrounds" is described. 

Bienenstok, T. , & Sayres, W. C. STEP - School to Employment Program . An 
appraisal* Albany: Univ. of the State of New York, 1964. 

i 

An evaluation of a work-study program for potential dropouts was developed 
in 1961 in seven large city school systems. "Its primary orientation is on 
individual development and general preparation for work and life rather than on 
acquisition of a specific vocational skill." 

Boone, T. W. A national service program. NEA J. 1963, 52 . 28 and 30. 

» 

Questions answered by Mr. Boone, Director, Program Development Section, 
the President's Study Group on a National Service Program concern goals, 
who will serve, location, etc. 

Brazziel, W. F. Portrait of a young migrant. School Rev. , 1958, 66, 273-281. 

A portrait of a. recently graduated southern Negro starting North provides 
a devastating picture of frustrations and degradations. "In the end the burden 
of any program to help prospective migrants mqst fall on the teacher." 

Brazziel, W. F. , & Gordon* Margaret. Replications of some aspects of the Higher Horizon 

program in a .cuthem junior hl,fi ache of." J. Negro Educ . , 1963, 32, 107-113. 
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A. modified, low budget version of High Horizons was used at a Norfolk, 
Virginia Junior High School with measurable success. 

Brazziel, W. F., & Terrell, Mary. An experiment in the development of readi- 
ness in a culturally disadvantaged group of first grade children. J,. 

Negro Educ ,« 1962, 31 . 4-7. 

"The purpose of this study was to test the hypothesis that a guidance 
approach to registration and school induction and an intensified teacher- 
parent approach to the creation of reading and number readiness would over- 

i 

come the ravages of the cultural heritage of a disadvantaged group of first 
grade children." Negro farm families were used. 

Brooks, D. J. Helping Cook County's culturally deprived adults. NEA J. 1963, 
52, 29-30. 

A revolutionary educational program for able-bodied welfare recipients had 
two goals: to make welfare recipients employable and to improve the home 

environment for dependent children. 

Butts, H. F. Skin color perception and self-esteem. J^. Negro Educ . , 1963, 

32, 122-127. 

The hypothesis "That a group of Negro children of both sexes between the 
ages of 9 and 12 with an impairment of their self-esteem would perceive of 
themselves less accurately in terms of skin color than children with less 
self-esteem impairment" was examined with the California Test of Personality 
and Clark's Coloring Test. 

Clark, K. B. Prejudice and your child . Boston: Beacon, 1955. 

All children of all races are hurt by racial prejudice. This article dis- 
cusses the origin* of prejudice and methods for combating it. 






- 8 - 



Clark, K. B. Colo** class, personality, and juvenile delinquency. J. Neero 
Educ . . 1959, 28 , 240-251. 

The higher incidence of juvenile delinquittcy among Negros reflects a com- 

* • 1 , . ' > 

plex relationship between personality and minority status. 

Clark, K. B., & Clark, M. P. Emotional factors in racial identification and 
prefer -race in Negro children. J. Negro Educ .. 1950, 19, 341-350. 

Results from the Coloring Test and from the children's spontaneous re- 
marks show a discrepancy between identifying one's own color and indicating 
one's color preference. "[There is aj need for a definite mental hygiene 
program- that would relieve children of the tremendous burden of feelings of 
inadequacy and inferiority." 

Cohn, W. On the language of lower class children^ School Rev . . 1959, $ 7 . 
435-440. 

One should be aware of the positive aspects of lower class speech. 

"A teacher should understand and respect lower class speech if he wishes to 
gain the confidence and respect of lower class children." The author calls for 
an end to linguistic snobbishness. 

Conant, J. B. Slums a nd suburbs . New York: McGraw-Hill, 1961. 

The author contrasts two types of neighborhoods and the school facil- 
ities in each. He fears that the situation in the big cities is "social dyna- 
mite and that unless immediate and productive measures are taken there will 

be political and social repercussions. He emphasizes vocational training for 
the disadvantaged. 

Crosby, Muriel. Concept building in human relations education. Educ . . 1963, 

84, 36-40. 

Specific cases where teachers have used concept building to alleviate 
difficult situations are described. "Concept : building is the prime instru- 
ment through which education becomes effective." 
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Cutts, W. G. Reading unreadiness in the underprivileged. NEA J , 1963, 52, 

23-25, 

Cutts cites deficiencies in listening and speaking among culturally 
disadvantaged first graders. "Teachers need to approach English language 
instruction for these children as if they were teaching a foreign language.” 

Barling, R. L. School library services for the culturally deprived child. 

ft 

Sch . Life. 1963, 46, 18-20. 

In spite of the fact that school sys terns recognize the particular import- 
ance of library availability for deprived children, provisions for school 

libraries in large urban school systems are far below the level of the 
nation as a whole. 

Davis, Allison. Poor people have brains, too. Phi Delta Kappan . 1949, 30, 
294-295. 

The author contends that the present tests for intelligence are biased, that 
children of all groups hjijve innate ability, that reading is over-rated in the 
schools at the expense of reasoning, that homogeneous groupings are discriminatory 

• J 

aiv? 'maintain the narrow academic sterotyping of the curriculum.” 

Bella-Boro, D. The culturally disadvantaged: educational implications of 
certain social-cultural phenomena. Except . Child . . 1962, 28, 467-472. 

This article treats the change in the city, the problems of 
the deprived in school, the lack of teacher understanding, and the need for 
community support. 

Deutsch, Cynthia. Auditory discrimination and learning: social factors. 
Merrill-Palmer Quart . . 1964, 10, 277-296. 

It may well be that lower-class children, who live in very noisy en- 
vironments, do not develop the requisite auditory discrimination abilities to 
learn to read well - or adequately early in their school careers." A minimum 

o 
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Xevel of auditory discrimination is necessary for the acquisition of reading. 

Deutsch, M. Minority groups and class status as related to social and per- 
sonality factors in scholastic achievement. Soc . app.l . Anthrop . . 1960, 

£, 32. 

A detailed study of educational experiences in two elementary schools, 
one 99 per cent Negro and the othsr in a white neighborhood of similar socio- 
economic level showed that Negro children spent lest time on academics in school, 
had significantly more negative self-images, and in many more cases came from 
broken homes. The study concerned "the manner in which social stress affects 
motivation, personal aspiration, concepts of self, and learning, and how it dif- 
ferentiates the minority group child from the majority group child of similar 
background . " 

Deutsch, M. Facilitating development in the preschool child: social and psy- 

chological perspectives, Merrill-Palmer Quart . . 1964, 10, 249-263. 

Deutsch discusses the theory of critical and optimal periods for many aspects 
of learning and details the deficits of lower class children which justify pre- 
school enrichment programs. 

Fisher, J. J. Who is the lower-class child? J. Educ . Soc . , 1961, ^4, 309-311. 

A new stereotype has emerged concerning the lower-class child, leading 
to certain assumptions. and descriptions which are not valid in all cases and 
which lead to over— simplification. "It may come to the point where professors 
have to spend as much time breaking down stereotypes about lower-class groups 
as they do now about racial and religious groups." 

Grambs, jean D. Understanding intergroup relations- . Washington: National 

Education AesociatTdn, 1960. 

This manual aimed at teachers and parents, seeks to improve intergroup re— 

* r 

lations. It emphasizes that there are no differences in the innate intelligence 
of groups and explains how children "learn" prejudice. The role of the schools 
ERXC discussed. 
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Gray, Susan W., & Klaus, R. A. Interim report: early training project * 

George Peabody College and Murfreesboro, Tennessee City Schools, 1963. 
(Abstract) 

Two projects Involving special programs for Negro culturally deprived 
youngsters, which resulted in significant improvement on the Peabody Picture 
Vocabulary Test, are described. 

Groff, F. J. Dissatisfactions in teaching the culturally deprived child. 

Phi Delta Kappan . 1963, 45 . 76. 

This discussion of the reasons for high teacher turnover in deprived areas, 
based on a survey of teachers, offers suggestions for improving conditions. 

Havighurst, R. Who are the socially disadvantaged? Yearb . JN Negro Educ . . 

1964, 33, 210-217. 

The author describes the typical socially-disadvantaged child, including 
family characteristics, personal characteristics, and sccial group character- 
istics. He disagrees with those who emphasize the "positive" aspects of lower 
class culture and who want to develop special school programs based on these 
asnects. Not a change in school curriculum but, rather, a greater emphasis 
on reading and arithmetic readiness in the preschool and primary grades 
is needed. 

Hollingshead , A, B. Elmtown's youth. New York: John Wiley, 1949. 

The social behavior of adolescents and its relationship to social 
stratification in a middle western community, 1941-1942, is explored. 

"The social behavior of adolescents appears to be related functionally to the 
position their families occupy in the social structure of the community." Of 
particular interest are Chapter 6 - "The School System" and Chapter 8 - "The 
High School in Action." 



o 

ERIC 



12 - 



Hopklns , H. B. Talent search projects (1962-3). High Potential (publication 
of the Bureau of Guidance, Division of Pupil Personnel Service, New York 
State Education Department) , 1964 . 

"Talent Search Projects are established to assist pupils from deprived 
background to achieve in school more nearly in keeping with their potential 
through expanded guidance and related service." A discussion of these pro- 
jects in 26 secondary schools, involving 1362 pupils, is presented. 

Hosley, Eleanor. Culturally deprived children in day-care programs. Childre n. 
1963, 10, 175-179. 

The problems involved in meeting the needs of deprived children from low 
income areas, as experienced by the Day Nursery Association of Cleveland, are 
reported. Case histories are used to illustrate the need for an enrichment 
program in these centers. 

Hunt, J. M. The psychological basis for using preschool enrichment as an 
antidote for cultural deprivation. Merr 111-Palmer Quart .. 1964, 10 . 
209-248. 

Hunt explores the concepts that have hampered the development of preschool 
enrichment and discusses the necessary ingredients in an enrichment program. 

He gives the basis in psychological theory (particularly Piaget) and the support 
from psychological research for such a program. 

Intergroup relations . A resource handbook for elementary school teachers . 
grades 4, 5, & 6 . Albany: Univ. of the State of New York, 1963. 

"This Handbook suggest methods and techniques helpful to teachers in 

f 

using literature, film and a host of community resources to provide a better 
knowledge and understanding of these groups. " Suggestions for integrating 
information about the Negro with day-to-day teaching in the classroom are 
provided. 
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Iscoe, I., & Pierce-Jones, J, Divergent thinking, age, and Intelligence in 
white and Negro children. Child Develpm . . 1964, 35, 785-797, 

The authors link (by citing research) creative behavior to divergent 
thinking. Using the Unusual Uses Test on 267 children, from segregated 
schools, they conclude, "Overall, these divergent- thinking scores were signi- 
ficantly higher for Negroes." 

John, Vera P. The intellectual development of slum children, some preliminary 
findings, Amer. J. OrthopSvchiat . , 1963, 33, 813-822. 

"This study examines certain patterns of linguistic and cognitive behav- 
ior in a sample of Negro children from various social classes. Three major 
levels of language behavior - labeling, relating, categorizing - were analyzed. 
Consistent class differences in language skills were shown to emerge between 
groups of Negro children of different socioeconomic class." 

Johnson, T. A. Neighborhood schools or integrated schools . Presented to the 
National Association of Intergroup Relations Officials, Cleveland, Novem- 
ber, 1963. Albany: State Education Department, 1964. 

New York State has faced the issue of racial imbalance in the schools: 
"The question is no longer whether we should do anything, but rather what is 
the best plan for a local school system." 

Kaplan, B. A. Talent searching in New York State. A review of selected 
projects and studies. High Potential . 1961. 

In March, 1960, the Bureau of Guidance inaugurated a talent-search pro- 
ject. Five of these projects are discussed in some detail: Yonkers, Utica, 
Rochester, New Rochelle, White Plains. The Bureau is now encouraging pilot 
projects in up-state rural areas. 
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Kaplan, B. A. Issues in educating the culturally disadvantaged. In Alice Crow and 
L. D. Crow (Eds.) Vi tal issues in American education . New York! Bantam 
Books, 1964. 

The author is the Coordinator of Project ABIE, New York State Department 
of Education. He discusses who are the disadvantaged, programs that have been 
instituted, financial support available, the role of the "Hawthorne Effect", 
the importance of respecting cultural differences. 

Keller, Suzanne. The social world of the urban slum child; some early findings. 
Amer . Orthopaychiat . . 1963, 33, 823-831. 

"This paper compares selected aspects of the after-school and home activ- 
ities of a sample of poor Negro and Caucasian children currently attending 
first and fifth grades in the N.Y. City public schools. Discussion centers on 
factors that distinguish the family life, self-images and recreational activi- 
ties of these children from those of their middle class peers, with whom they 
must compete in school." 

Knoll, E. Ten years of deliberate speed. Amer . Educ . , 1965, 1 , 1-3. 

An assessment of the progress made since the 1954 Supreme Court decision 

* 

on segregated schools finds desegregation progressing very slowly but 
"judicial, legislative and o her pressure have been stepping up the pace." 

Knoll examines. Title IV andWI of the Civil Rights Act of: 1964. A trend in 
recent court decisions shows local school authorities may but do not have to 

OnUMMMNPWfl iMNIWMlS tMNNNMMI VMNMHMNWItofft 9IMRMNI 

take racial factors into account in seeking to promote balanced enrollment. 

Krugman, M. The culturally deprived child in school. NEA J. 1961, 50, 4. 

The author is Associate Superintendent of Schools, N.Y. City. ! He discusses 
problems of deprived students and the positive aspects of New York City’s 
Higher Horizons Project. He concludes that schools can compensate for the 
meager backgrounds of deprived children. 
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Kvaraceus, W. C., & Hiller, W. B« Delinquent behavior; culture and the Indi- 
vidual . Washington: National Education Association, 1959. 

"A carefully selected six-man team of experts, engaged In a cooperative 
endeavor to provide the basis for a comprehensive theoretical statement" prepared 
a report concerned with the theory of delinquency on which to base a realistic 
and meaningful program* 

Larson, R. , & Olson, J. L. A method of identifying culturally deprived kinder- 
garten children. Except . Child . . November, 1963. (Abstract) 

Nineteen characteristics which differentiated the culturally deprived 
child from the middle class child in a study in; Racine, Wisconsin are dis- 
cussed and grouped. 

Levine, D. U. Integration: reconstructing academic values of youths in de- 
prived areas . Clearing House . 1964 , 39 , 159-162 . 

At the elementary level, integration may spur competition but at the 
secondary level a compensatory program may be more effective. The article lists 
specific activities at the secondary level to promote scholastic development. 

Mackintosh, Helen K. , & Lewis, Gertrude M. Headstart for children in slums. 

Amer . Educ . , 1965, JL, 30-32. 

A discussion of preschool programs for slum children as a result of a 
visit to sixteen city projects. Programs for the very young are needed in 
the most severely deprived areas if the youngsters are to have any chance for 
a positive school experience. 

Mayer, M. Schools, slums and Mbntessori. Commentary . 1964, j}7, 35-39. 

The particular appropriateness of a Mbntessori program for slum children is 
considered. He reviews the original Mbntessori program and its subsequent growth and 
development. "Nobody who has looked seriously at these problems doubts that 
first-rate nursery schools could help, and the Mbntessori model is the best 
we have." 
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Milner, Esther. A study of the relationship between reading readiness In 

grade one school schlldren and parentrchild Interaction. Child Develpm . , 

1951, 22, 95-112. 

Children were given a group' of tests plus extensive Interviewing to 
determine the relationship between reading ability and certain patterns of 
parent-child Interaction. Certain lacks in child-parent relationships corre- 
lated with lower-class homes and with lowered reading ability. The author gives 
^suggestions to schools for overcoming these deficiencies. "The Writer cannot 
agree with Davis, however, in his recommendation that the school should place less 
weight on verbal skills training*" 

Montague, D. 0. Arithmetic concepts of kindergarten children in contrasting 
socioeconomic areas. Elem . School J. . 1964, 64, 393-397. 

Children in the seventh month of kindergarten from a high and from a low 

socioeconomic area were tested for arithmetic concepts. Those from the low 

¥ 

area tested significantly lower. The author suggests the need for a much 
lower pupil- teacher ratio for deprived children and for a program to broaden 
their experiences. 

Moore, J. W. Reducing the school dropout rate— a report on the, Holding Power 
project . Albany: Univ. of the State of New York, 1964. 

A six-year study of school and pupil characteristics and outcomes in re- 
lation to "holding power" was carried out by 89 school districts. 

i* ' " 

Characteristics of dropouts were recorded and compared. The importance of ade- 
quate guidance programs and of parental, and community involvement is stressed. 

Moore, J. W. How high schools can reduce their dropout rate . An action guide . 
Albany: Univ. of the State of New York, 1964. 

This guide was prepared so that others can benefit from the information and 
experiences of New York State's Bureau of Guidance Holding Power Project, 
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1954-60. An outline of the procedures and techniques that were most success- 
ful. Includes very specific procedures for Identifying future dropouts and 
for keeping pertinent records, Including charts and forms. 

National Education Association, Educational Policies Commission. Education and 
the disadvantaged American . Washington: Author, 1962. 

This 40-page pamphlet discusses in general terms the problems of the cul- 
turally deprived and the role of the school to help alleviate them. Special 
characteristics of the school program, school staff, school administration, 
and facilities are detailed. 

National Education Association, Educational Research. School programs for the 
disadvantaged. Washington: Author, 1965, No. 1. 

This report contains descriptions of 44 projects and experiments in edu- 
cating the disadvantaged. The projects are listed alphabetically by state. 

Newton, Eunice Shaed. Verbal destitution: the pivotal barrier to learning. 

J. Negro Educ., 1960, 29, 497-499. 

The article describes the Bennett College Compulsory Reading Skills Program and a 
study of ten of the most seriously retarded readers in the -group to determine 
their precollegiate personal and educational environments. 

Newton, Eunice Shaed. The culturally disadvantaged child in our verbal 
schools. JU Negro Educ .. 1962, 31, 184-187. 

The author discusses lack of language fluency as one 0f the major academic problems. 
She suggests a specific language program to help the “verbally destitute" children, 
and contends that, without such a program, deprived children are headed for 
"academic disaster". 

New York State Bar Association, Committee on Civil Rights. Racial Imbalance 
in the public schools: the current status of federal and New York law. 

Albany: New York State Bar Association, October, 1964. 
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The article reviews current attempts to reduce defacto segregation. Legal 
resistance has been based on the view that it is a violation of the Constitution 
to consider the factor of race for the purpose of school assignments. A sum- 
mary of pertinent cases and decisions and an enumeration of current legal prin- 
ciples are presented. 

Passamanick, B. The contribution of some organic factors to school retarda- 
tion in Negro children. J. Negro Educ .. 1958, 27, 4-9. 

Prematurity and the complications of pregnancy are related to mental 
deficiency and are much more prevalent among the lower socioeconomic classes. 

The author theorizes that "except for a few quite rare hereditary neurological 
defects resulting in mental deficiency, at conception , individuals are quite 
alike and become different consequent to their experience." 

Pa88amanick, B,, & Knob loch, Hilda. Early language behavior in Negro children 
and the testing of intelligence. J. abnorm . soc . Psychol .. 1955, 50, 

401-402. 

This study of the relationships between a white examiner and Negro children 
concludes "that racial awareness plays a significant role during the examination 
process for the assessment of development, even in the early preschool years." 

Pas sow, A. H. (Ed.) Education in depressed areas . New York: Bureau of Publi- 

cations, Teachers College, Columbia University, 1963. 

This book includes 15 papers which resulted from a two-week Work Confer- 
ence on Curriculum and Teaching in Depressed Urban Areas at Columbia University 
in 1962. The papers cover schools in depressed areas, psychological aspects, 
sociological aspects, teachers, and school programs# A bibliography is included. 
Preschool plan is a "pipe dream" without funds. Nat # Sch ., 1964, 74, 48. 

The results of an opinion poll of school adminlstratprs , which asked, "Should 
it be a function of school districts to start programs designed to compensate 
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culturally deprived childred, at preschool age levels, so that they can begin first 

' - * ... . * 

grade on a relatively equal footing with other children?" The respondents, who ans- 
wered Yes - 46 per cent. No - 53 per cent, contend that the issue is not one of 
responsibility but one of 'financing* - 

Riessman, F. The culturally deprived child . New York: Harper & Brothers, 1962. 

A comprehensive study of the deprived child, this book includes a review of the 
literature in this area. Particular emphasis is placed upon teacher attitudes 
and upon promoting a respectful rather than a patronizing attitude toward these 
groups . 

Riessman, F. Some suggestions for teaching the culturally deprived. NEA J , 

3.963, 52, 20-22. 

He asserts that attitudes of teachers are more Important than any methods in 

* 

dealing with deprived children. Suggestions are offered to teachers for day-to-day 
routines, where to place etiaphasis, how to improve deficits. 

Riessman, F. Culturally deprived child: a new view. School Life . 1963, 45, 5-7. 

The author emphasizes the positive aspects of lower class environ- 
ment. He condemns the middle class schools for their emphasis upon speed, 
formal language. "There is only one value of the lower socioeconomic groups 
that I would fight in the school - their anti-intellectual attitude." 

Riessman, F. The lessons of poverty. Amer . Educ., 1965, 1, 21-23. 

We are constantly criticizing our middle class schools and yet we ideal- 
ize them when we speak of the deprived. "I believe that these disadvantaged 
youngsters, with their own culture and their own style and their own positives, 
can help us change the middle class, the school system* and the society." The author 
mentions a "tremendously encouraging" Federal Government project supporting 
several Institutes for the training of teachers of the disadvantaged. 
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Rousseve, R, J. Teacher of culturally disadvantaged American youth, j. 

Negro Educ . . 1963, 32, 114-121. 

Superintendents , principals and counselors were asked by questionnaire to 
record their perceptions of the cultural problems of Negro youths. "It was 
a most uninviting and sordid picture that was uncovered in this investigation." The 
author believes that the greatest need is for upgrading the teachers. 

Savitzky, C. Job guidance and the disadvantaged. Clearing House , 1964, 39 . 

156-158. 

Specific and detailed school programs to prepare, students for employment are des 

cribed. « The author contendstheprograms for dropouts are being severely limited 
by difficulties in securing adequate staff. 

Schreiber, D. [Ed.) The school dropout. Washington: National Education 
Association, 1964. 

Here Are ; papers by educators and social scientists covering all aspects of 
the dropout problem. "A symposium engaging the serious intellectual efforts 

of persons with different disciplinary perspectives" that Include some rather 
unusual approaches • 

Sexton, Patricia. Education and inc ome: inequalities in our public schools . 

New York: Viking, 1960. 

A study of the relationship between economic status and quality of edu- 
cation in an industrial city in the Mid-West * finds that deprived child- „ 
ren receive in every way an education inferior to that received by children 
in higher economic groupings. 

Shriver, S. What the poverty program will mean to your schools. Sch . 

Management . 1964, £, 66-70. 

A question and answer interview with Shriver, the director of the program, 
concerned the provisions of the act that affect the schools. "What programs 
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can be supported? How much will they be controlled by the Government? 

How soon can the programs get under way? How will the schools be asked to 
help?" are among the questions discussed. 

Silverman, C. The Negro and the school. In Crisis in black and white . New 
York: Random House, 1964. 

There is a need for compensatory' education for the deprived on an exten- 
sive basis. "The public school offers the greatest opportunity to break down 
the cultural barrier that helps block the Negro’s advance into the main stream 
of American life." In many cases the projects work but nothing much happens 
as a result. The author deplores the emphasis on vocational education. 

Spears, H. , & Pivnick, I. How an urban school system identifies its disad- 
vantaged. Yearb . »J. Negro Educ . . 1964, 33 . 245-253. 

Compensatory education is utilized in San Francisco and therefore the 
problem of identifying deprived students was explored. Lists of the general 
characteristics of these students are included and some of the compensatory 
techniques are described. 

Thomas, D. R. Oral language sentence structure and vocabulary of kindergarten 
children living in low socioeconomic urban areas. Ann Arbor: University 
Microfilms, Inc., 1962. (Abstract) 

A. group of lower class children showed a deficiency in 
language development when compared with upper social status groups, in the 
amount, maturity, and correctness of oral expression. In similar socioecon- 
omic groups there was evidence of some deficiency in the oral language devel- 
cpment of Negroes but there were far more similarities than differences. 

Tomlinson, H. Differences, between preschool* Negro children and their older 

siblings on the Stanford-Binet Scales. .J. Negro Educ . , 1944, 13, 474-479. 




22 - 



The mean I.Q. for the group was 10.4 points below the general norm for 
white children. The mean I.Q. for the preschool children was significantly 
higher than that of the older group, suggesting an increasing inferiority in 
test performance with increase in age. 

The University of the State of New York, The State Education Department. 
Suggestions for developing intercultural understanding . Albany: 

„ Author, 1963. 

These suggestions, addressed to educators, are designed to promote good 
intergroup relations. The document includes a bibliography and film suggestions. 

U. S. Office of Education, Elementary Schools Section. The elementary school 
in the city. Sch . Life . 1963, 45, 26-29. 

4 * * 

A conference report of efforts underway to help deprived children 
Delaware, Detroit, Baltimore, and Atlanta is presented. Methods for attracting 
good teachers are discussed. 

West, E. H. Summary of research during 1963 related to the Negro and Negro 
education. J. Negro Educ . . 1965, 34, 30-38. 

In a summary and analysis of 58 doctoral dissertations on Negro education, 
completed at 34 institutions in 1963, the author finds, "None of these studies 
appears to alter previously accepted views in any substantial way." 

Whipple, Gertrude. Multicultural primers for today's children. Educ . Dig . . 

1964, 29, 26-29. 

High praise is given for Detroit's preprimers illustrated with multi-racial 
characters. All the children in the study indicated a marked preference for them, 

especially members of deprived groups . 

\ 

Whiteman, M. Intelligence and learning. Me rri 11-Palmer Quart . . 1964, 10 . 





297-309. 
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Several concepts related to Intelligence are examined and their 
implications in an enrichment program discussed. 

Wiltse, K. T. Orthopsychiatric programs for socially deprived groups. Amer . 
J,. Orthopsvchiat . . 1963, 33, 806-813. 

Financial deprivation and social deprivation go hand in hand. "This 
paper explores some of the implications for parents and children of life on 
the Aid to Dependent Children Program and develops the thesis that ADC offers 
a significant but little-used vantage point from which mental health profes- 
sions can grasp what social deprivation really means in the lives of people." 

Wolfe, Deborah. Curriculum adaptations for the culturally deprived. J. Negro 
Educ., 1963, 31, 139-151. 

The author discusses who are the deprived and what are their particular 
curriculum needs. "Few efforts have been made to address the curriculum to the 
unique needs of the culturally deprived." For example, materials should start 
with simple situations drawn from the daily life of the pupil. 

Rural Disadvantaged 

Boger, J. H. An experimental study of the effects of perceptual training on 
group I.Q. test scores of elementary pupils in rural ungraded schools. 

J". educ . Res . , 1962 , 46 , 43-52 . 

Children in a rural school tested lower than average on l.Q. tests. 

They were provided with stimulating visual material and exercises. After this 
training there was a significant increase in their scores. 

Isenberg, R. M. The rural disadvantaged. NEA J , 1963, 52, 27. 

Rural school systems must take direct steps to develop programs 
for their disadvantaged comparable to the experimental efforts underway in 
many cities." 
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Morse* A. D. Breaking the rural barriers the Catskill Project. In Schools 
of tomorrow - today . New York: Doubleday* 1960, 

A description, is offered of New York State’s "Catskill Area Project 
in Small School Design", an experimental program to lift the level of rural 
education. An appendix of related experimental programs is included. 

Migrant and Mexican Disadvantaged 

Caplan* S. W. * & Ruble* R. A. A study of culturally imposed factors on school 
achievement in a metropolitan area. J. educ. Res . . 1964, 58* 16-21. 

Reasons why the Spanish-Americans have not experienced upward mobility are dis- 
cussed along with the factors that affect the achievement of bilingual students. 

Sutton* Elizabeth. Knowing and teaching the migrant child, Washington: 

National Education Association* 1962. 

This comprehensive report, including a list of selected references* describes a 
special project conducted in two counties* one in Virginia and one in Florida, 
on the education of the children of agricultural migratory workers. 

Thomas* D. R. * & Stueber* R. K. -No desk for- Carmen. Teachers Coll . Rec . . 

1959, 61, 143-150. 

The problems of the migrant of Mexican ancestry are discussed. Migrant 
projects often, flourish and then must be stopped because of lack of funds. The 
need for an Annual Worker Plan and for cons ide rat lor. among states is argued. 

Southern Mountain Disadvantaged 

O’Hara* J. Disadvantaged newcomers to the city. NEA J. 1963* 52* 25-27. 

The problems * of the rural migrant* particularly those from the Southern 
Appalachians, are discussed. ‘ "Despite what appears to be a 

j 
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negative attitude toward formal education, these migrant children can be 
motivated to learn." 



Puerto Rican Disadvantaged* 

Archdiocese of New York, Catholic Youth Organization. The leisure time 
P-roblem of Puerto Rican youth in N.Y.C . : a study of the problems of 

selected group work programs. New York: Author, 1953. 

Berle, Beatrice Bishop. 80 Puerto Rican families in New York City . Heath 
and disease studied. ln~ context. . New York: Columbia University Press, 

1958. 

An intensive study is reported of tne health and related problems of 80 
Puerto Rican families living in a New York City slum. The anthropological 
study, Up From Puerto Rico , by Elena Padilla examines some of the same families 
and others. 

Braeatrup, P. New York's Puerto Ricans. New York Herald Tribune . October 
lf>-18, 20, 21, 1957. (Series of five articles) 

A cold new world. October 16, pp. 1, 19. 

A search for a job, a place of my own. October 17, p. 2. 

They live in squalor at Park Avenue rent. October 18, p. 10. 

Ebb and flow of their migration held barometer of U. S. economy. 

October 20, p. 40. 

Their position is improving. October 21, p. 14. 



*Abstracted from an Annotated Bibliography by Dr. Clarence Senior, Former 
Chief, Migration Division, Commonwealth of Puerto Rico* 
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Brooklyn Council for Social Planning# Report on* survey of Brooklyn agencies 
rendering, New York: Author, 1953. 

Commonwealth of Puerto Rico, Department of Labor, Bureau of Labor Statistics . 
Characteristics of passengers -who- travelled by >air between, Puerto Rico 
and the United States w e- .San^duana » Author, 1956 . 

* it 

This is a continuing series of quarterly and annual reports of statistical data. 
Commonwealth of Puerto Rico, Department of Labor, Migration Division# Helping 
Puerto .Ricans help themselves w New York: Author, 1958. 

Commonwealth of Puerto Rico, Department of Labor, Migration Division. A 
summary in facts. an£ jjgyamt 1. Progrfiflft JjL Puerto, Rim. 2. Puerto 
Rican m igration . New York: Author, 1959. 

Basic statistics on Puerto Rico and the migration -are presented. New 
editions are issued at least once a year. 

Community Council of Greater New York, Research Department. Manhattan com- 
munitiea: Summary statements* of population characteristics . New York : 

Author, 1955. 

Covello, L. , & D'Agostino, G. The heart is the teacher . New York: McGraw- 
Hill, 1958. 

This is an ; autobiography of a teacher who has devoted most of his life to 
helping underprivileged children, mostly in East Harlem. Dr. Covello is now 
Educational Consultant to the Migration Division. 

Dworkis, M. B. (Ed.) The impact of Puerto Rican migration on governmental 
services in New York City . New York: New York University Press, 1957. 

Brief chapters on housing, employment, welfare, education, 
health and hospital services, and crime and delinquency make up this report. 



o 
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Elam, Sophie, Acculturation and learning problems of Puerto Rican children. 
Teachers Coll . Bee ., 1960, 61, 258-264. 

Case histories are used to illustrate the vast problems of Puerto Rican 
children in our cities. The schools have not been prepared to help them. 

"It will be through the school, together with many other agencies and with a 
new view to the totality of the child and his family, that the .acculturation 
will come about/' 

Finocchlaro, Mary. Puerto Rican newcomers in our schools. J. educ . Soc . . 
1954 , 28 , 157-166, 

Fitzpatrick, J. P. The integration of Puerto Ricans. Thought (Fordham Uni- 
versity quarterly), 1955, 30, 402-420. 

Gittler, J. B, (Ed.) Understanding minority groups . New York: John Wiley 
and Sons, 1956, 

Hanson, E. P. Transformation: the- storv of modem Puerto Rico . New York: 
Simon and Schuster, 1955. 

Katz, X. Conflict and harmony- in- an -adoles cent interracial group . New York: 
New York University Press, 1956. 

Mills, C. W.» Senior, C., & Golden, Rose Kohn. The Puerto Rican journey . 

New York: Harper, 1950. 

This is a study of Puerto Ricans in New York City based on a . 
survey of 5,000 Puerto Ricans living in Harlem and in the Mbrrisania 
Section of the Bronx. 

Montag, H. , & Finocchlaro, Mary, Guidance and curriculum for Puerto Rican 

children. High Points (New York City Board of Education) ,1951, 33 y 34-42, 
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Morrison, J. G. TheJPu^^ Study. 1953-1957: a report on the Education 

and adjustment of Puerto Rican pupils In the public schools of the City 
of New York . New Yorks New York City Board of Education, 1958. 

This is the final report of a four-year study sponsored by the Board of 
Education under a grant-in-aid from the Fund for the Advancement of Education. 
(For additional publications of this study, see pp. 20-22 of bibliography of 
"Puerto Ricans in the United States".) 

New York City Board of Education, Association of Assistant Superintendents. 

A program of education for Puerto Ricans in New York City . New York: 

Author, 1947. 

The chapters of this report are: (1) Backgrounds; (2) Migration to the 

Mainland; (3) Problems of assimilation; (4) The Education of the Puerto Rican 
pupil; (5) Recommendations. 

New York City Board of Education, Puerto Rican Workshop. Our children from 
Puerto Rico: a report on their island home by the visiting Puerto Rican 

Workshop of 1955 . New York: Author, 1957. 

Padilla, Elena. Up from Puerto Rico . New York: Columbia University Press, 1958. 

Protestant Council of the City of New York, Department of Church Planning and 
Research. Mid-century pioneers and Protestants . New York: Author, 1954 

(2nd ed.) 

Public Education Association and New York University, Research Center for 

Human Relations. The status of the public s chool education of Negro and 
Puerto Rican-children in 'New York Citv . New York: Author, 1955. 

Rand, C. The Puerto Ricans . New York: Oxford University Press, 1958. 

An expanded account of the material covered in the author's New Yorker 



series is presented. 
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Robinson, Sophia M. Social and welfare atatlatlca on tha Maw York Puarto 

Rican population* In A* J* Jaffee (Ed.) Puerto Rican population of Naw 
York City . New York: Columbia University, Bureau of Applied Social Re- 
search, 1954. 

Senior, C. Strangers— then neighbors : the story of our Puerto Rican citisens . 

New York: Anti-Defamation league of B'nai B'rlth, 1961. 

U. S. Bureau of Census. Puerto Ricans in continental United States. In U.S. 

Census of Population: 1950 . Washington: U. S. Government Printing Office, 

1953, vol. 4, Special Reports, Part 3. 

Data on population, age, sex, occupations; etc. are presented. The report is avail- 
able as a separate booklet (Special Report P-E No. 3D) from the G.P.O. and Field Offices 

of the Department of Commerce. 

Wacher, Sara A. Home and school relations In New York City as seen by Puerto 
Rican children and parents . 1955. 

Wakefield, D. Island In the City; the world of Spanish Harlem . Boston: 

Houghton Mifflin, 1959. 

Welfare and Health Council of New York City, Research Bureau. Population of 
Pyrto Rican birth or parentage . New York City . 1950 . New York: Author, 

1952. . y 

Here are special tabulations of the 1950 Census , reporting the Puerto Rican 
population of New York City by census tracts and health areas. 

Addenda to Puerto Rican Disadvantaged 

Commonwealth of Puerto Rico, Department of Labor, Migration Division. The 

Migration Division: policy, functions, objectives . New York: Author, 1957. 

This f older briefly describes the work of the Division. 

o 
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Hochhauser, Aidalina. Ajllot.tudy of "problem childre n" of Puertn 
background. 1956. 



Klhiss, P. Gains made by Puerto Ricans here. New York Times. Hay 31, 1957. 
Reprinted by the Commonwealth of Puerto Rico, Department of Labor, 
Migration Division, 1957. 

Kihiss, P. City relief roll held down despite job-hunter influx. New York 
Times, June 2, 1957. Reprinted by the Commonwealth of Puerto Rico, 
Department of Labor, Migration Division, 1957. 

New York City Board of Education. Phrases with Spanish equivalents for use in 
schools; an aid for teachers of children of Puerto Rican background. 

New York; Author, 1954. 

New York City Board of Education, Puerto Rican' Study. Report of the Third 
Migration Conference- bets^i m\>Nwr‘Yogk-e±1nr--and>:gu»gto- Rican officials: 

New York: Author, 1955. 



New York City Welfare Council. Puerto Rican children ; some aspects of their 
needs and related services. New York: Author, 1949. 



This is the report of a committee to study needs of Puerto Rican children 



in NSW "York City. 



Puerto Ricans in the New York State labor market. Indust . Bull . (New York 
State Department of Labor), 1957, 36, 17-19. 

Rodriquez , Maria Luisa. Follow-up study of the graduating classes of two 

J2Si2E hl g h schools. New York: The Puerto Rican Study of the New York 
City Board of Education, 1955. 
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Salisbury* H. The shook-up generation ; New York: Harper, 1958. 

This book is an expanded version of a series of articles that appeared in 
the New York Tiroes . March 24-30, 1958, by a Pulitzer Prize-winning journalist. 
The author discusses inadequate housing, civic neglect, the failures of educa- 
tion, and parental indifference as causal factors in juvenile delinquency of 

I * 

all ethnic groups. The Puerto Ricans are viewed as presenting no unique 
problems • 

Schepses, E. The Puerto Rican delinquent boys in New York City. Soc . Serv . 

Rev . (University of Chicago), 1949, 23, 51-56. . 

An examination of statistics and a comparison with other groups, reveals no 
marked disparities for the Puerto Ricans. 

Senior, C. Puerto Rican migration : spontaneous and organized . New York: 

Commonwealth of Puerto Rico, Department of Labor, Migration Division, 1957. 

Steraau, H. Puerto Rico and the Puerto Ricans . New York: Council of Spanish 
American Organizations and American Jewish Committee, 1958. 

This is’ an outline of basic facts for speakers., educators, civil and rel- 
igious leaders • 

Villaronga, Mariano. Program of education for Puerto Rican migrants. JN 
educ. Soc., 1954, 28, 146-150. 

What, is done by the school system in Puerto Rico to help the 
adjustment process of those who might migrate Is discussed. 

Welfare and Health Council of New York City. New York City * 1955-56 : a re- 
port to the community . New York: Author, 1955. 
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Related References 

Cutts, W. G. Teachin g young children to read. Washington: U.S. Department 
of Health, Education and Welfare, 1964, 

A survey of current trends in beginning reading instruction^ this report 
includes a description of the Augmented Roman* Alphabet, Denver’s* experiment with 
reading in .Kindergarten Sen Diego’s language-rexperience approach and others. 

Jensen, A. R. Learning in the preschool years. J[. nursery Educ < « 18, 

133-138. (Abstract) 

A review of some studies on animals and humans -indicates that the amount 
and variety of verbal and sensory stimulation has a definite effect on learn- 
ing behavior. 

Horse, A. D. Schools of tomorrow--* today. A renort on educational experiments . 
New York: Doubleday, 1960. 

In an analysis i of ninet experimental programs tin various sections of the 
United States, Mbrse reports on team teaching ungraded * schools, television. 
Teacher aides, Harvard'^ teac program ahd other topics. 

An appendix of related experimental programs is provided • 

lassamanick, B. Some misconceptions concerning differences in the racial 

prevalence of mental disease. Amer . J,. Orthonsvchiat . , 1963. 33 . 72-86. 
"Data from Baltimore studies indicate that Negroes do not have higher 
rates for psychoses, psychoneuroses, or psychophysiological disorders, but 
do for mental deficiency. 11 This deficiency is a result of the impoverishment 
of the environment and of prematurity and complications of pregnancy which 
are also largely determined by socioeconomic variables. 
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Scott, J. P. Critical periods in behavioral development. Science . 1962, 138 . 
949-955. 

There are optimal periods for learning, for infantile stimulation, 
and for the formation of basic social relationships. Scott comments on the amazing 
degree of flexibility in the behavioral development of vertebrates. 

Skeels, H. H. , & Dye, H. B. A study of the effects of differential stimula- 
tion on mentally retarded children. Proc . of the Amer . Ass . Ment . 

Def., 1939, 44, 114-136. 

"A change from mentally retarded to normal Intelligence in children of 
preschool age is possible in the absence of organic disease or physiological 
deficiency by providing a more adequate psychological prescription. Conversely, 
children of normal Intelligence may become mentally retarded to such a degree 
as to be classified as feeble-minded under the continual adverse influence of 
a relatively non-stimulating environment." ' 

Wellman, Beth L. , & McCandless, B. R. Factors associated with Blnet I.Q. 
changes of preschool children. Psychol . Monoar . . 1946, 60, No. 278. 

No relationship was found between I.Q. change and frequency of teacher- 
child or child— child contacts of the type studied. Teacher contact did cor- 
relate with vocabulary change for children who were new to the preschool. 
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Environmental Control of the Leaming-to-Read Process 

D. E. P. Smith 




Environmental Control of the Learning- to-Read Process 

Donald E. P, Smith 

Center for Research 911 Language and Language Believer 



Abstract 

An analysis of skills constituting, literacy yields a series of 
discriminations* Single modality discriminations of visual form and 
space, and of phonemes and time provide skills that can be combined 
within the discrimination paradigm to yield reading, writing, and 
listening skills* All discriminations are arranged as match— to— 
sample tasks* Phenomena described elsewhere in terms si*ch as unavail- 
ability, alternation behavior, habituation, eye-hand coordination, and 
behavior problems are discussed within the discrimination paradigm* 

It is suggested that adequate programmed materials and teacher train- 
ing may provide an effective educational and therapeutic milieu, one 
in which the instructional material, rather than the teacher, comes 
to control learning behavior. 



We begin with the assumption that most of the behaviors with which we are 
concerned as teachers are lawful rather than, random, and controlled rather than 
spontaneous* In fact, formal education may be defined as a process by which 
particular behaviors are brought under the control of particular stimuli. For 
example, when the first-grade child observes the visual stimulus j ump , we want 

him to say jump*-' The visual signal may then be said to control the vocal re- 
sponse. 

But, with our present teaching methodology, the visual signal is seldom 
that effective for the beginner. Commonly, other stimulus conditions figure in 
the control of the response. Before he responds correctly, the child may need 

to be giveh an auditory context: "Jack be nimble. Jack be quick. Jack .» In 

addition, he may need to see a picture of Jack jumping* Or, the* response may 
occur in the presence of the word jump only when his teacher is also present , 
or only when he is in the classroom. In Bruner's terms, the nominal or appar- 
ent stimulus jimp, may constitute only a fractional part of the effective 
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stimulus* including the classroom, the teacher, plus "...Jac k " plus lump . 

*% 

A stimulus complex of that kind is so difficult to reproduce that the child 
seldom emits the word on demand. In fact, the kind of control it provides is 
little better than no control at all. We might even be tempted to say that the 
teaching strategy leading to such a product might well be examined. 

Conditions for Learning 

One useful way of analyzing a learning problem is to apply the paradigm for 
operant conditioning. First, determine the response (R) to be brought under con- 
trol, in this case, the utterance "jump." Next, determine the nominal stimulus. 

* * 

the printed word jjiQgw Some strategy Is then required for making the stimulus 
stand out clearly from other similar appearing words and the response from other 
similar sounding words. For example: 

Visual Discrimination 

Step 1: 

jump 

Jack, jump over the candle sticks 



Step 2: 





jump 






1. just 


bump 


jum£ 


punt 


2. jumps 


jump 


hop 


pump 




Next, the response must be clearly discriminated: 
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Auditory Discrimination 

Taped Script ‘ Response Sheet 



If the words are the same, circle Yes. 
If they are different, circle the No I 


1. 


Yes 


No 


X • 


; “ >1 ! 3 i “ _ * ♦ " 

Jump. . .bump. . .jump 


2. 


Yes 


No 


2. 


Jump.. .jump... jump 


3,. 


Yes 


No 






4. 


Yes 


No 


3. 


Jump. . . jump. . .jump 


5. 


Yes 


No 


4. 


•1 

• 

• 

• 

• 

• 

• 

U 


6. 


Yes 


No 


5. 


Jump. . . jump. • .jump 


7. 


Yes 


No 


6. 


Jump. .. dump. . .jump 


8. 


Yes 


No 


ie 


you hear the word lump, circle Yes. 








If not, circle No. 








7. 


I can jump. 








8. 


We went, to the dump. 










et c . 









Finally, one searches for an appropriate reinforcer, a "motivator, ” One 
reinforcer commonly used in classrooms is teacher praise; another is the avoid- 
ance of teacher punishment; a third is the reduction of uncertainty which fol- 
lows solution of a problem. It is possible to use any one of these reinforcers 
to teach the response "jump 1 ' in the presence of the stimulus, jjwf j • In prac- 
tice, teachers tend to use all three. 

The Problem of the Reinforcer 

A number of educational ills derive from the selection of a reinforcer. 

Needles 8 to say, the learner tends to repeat behaviors which have been rein- 

\ 

forced. But it is also true that he stops doing things for which he is not 
reinforced. This is called extinction. 

If the teacher is the primary source of relnforcers, that is, if she uses 
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praise and punishment, she. must be prepared to pay the following penalties: 

1. "Reinforcement," as Brethower (1965) has put it, "becomes converted 
to extinction every time the teacher leaves the room. " 

2. A child who is unable to do praiseworthy work is on a continuous ex- 
tinction schedule* He receives no reward. Disappointment ^ives way to 
anger and then to misbehavior* or withdrawal, 

3. Constant praise soon palls. The reinforcer loses its effectiveness. 

4. Recurrent child- teacher interaction tends to nurture dependency. Each 
time the teacher helps a* child resolve a problem, the child is reinforced 
for asking help. Not surprisingly, help-asking behavior, i.e.. dependency, 
increases . 

This list of problems is not exhaustive. But this kind of spin-off result- 
ing from praise helps to account' for the present low rate of success in teacher 
control of the learning process. Is there any alternative? If the teacher is 
not to be the primary source of reinforcements, what other relnforcer is avail- 
able? 

Self-Motivating Material 

One answer to the problem has been known for a long time: the reduction of 

uncertainty following solution of a problem-~the "a-ha" phenomenon. It is also 
called "learning by discovery." Its successful use requires an artful arrange- 
ment of instructional materials. The rules for developing such learning tasks 
are just beginning to be discovered. To exemplify: 

A teacher discovers that two of her children are making a cursive m 
incorrectly. Perhaps because of negative transfer from the cursive 
n, they write it thus: 
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To teach it properly, she prepares this exercise; 

Directions 

At the top is an 
Look at number X. 

Circle the 

Do the rest yourself. 

This exercise exemplifies the characteristics of self— motivating material, 

A model is provided, followed by two pseudo-targets , one equivalent to the 
model* the other (called a foil) different in some important way. The learner 
searches until he discovers the difference. The absence of that difference in 
the target identifies it as the correct choice. Any model is defined by the 
ways in which it differs from similar entities. Thus, foils direct the learner 
to those differences. Once the learner discovers the differences between the 
model and a wide variety of incorrect variants of it, he will produce the model 
without error, 

A nwnber of these tasks have been constructed 1 -- in fact, some thirty thousand 
of them — in the process of developing a programmed language-arts curriculum. 

One result of their use in classrooms and clinic has been a clear and convincing 
demonstration that discovery is a powerful reinforcer, sufficient to control a 
child's efforts in the face of other intrinsically interesting games. Another 
result has been clarification of the teacher's role in a controlled learning 
environment . 





The Teacher's Role 

Since well-designed self-instructional materials control the child's learn- 
ing behaviors, the teacher need not spend time explaining, motivating or mani- 
pulating them. She is free to control the remaining parts of the environment, 
those conditions which, distract the child. She provides one or two rules and 
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enforces them absolutely. For example, during work periods, she may have a "No 
Talking" rule. The children will test the rule until they are sure of it. Her 
control of the group provides a secure working environment for the children. 

She may observe symptoms of distractlbliity in emotional children and can ar- 
range safe areas for them. Since her presence may also be distracting, she 
remains out of the Immediate -view of the children. 

We have observed several classrooms managed according to the foregoing 
principles during the past two years. The results are quite remarkable. A film 
depicting one of them will soon be released by the Office of Education. 
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Brethower, D. B. Classroom management of a reading program. J. Nat . Soc. 
Prog . Inst . . 1965, 4, 7-8. 
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* Abstract 

Producing reading slciiis is' viewed as a problem in behavioral 
engineering. The primary tool for determining^ task specifications 
is the analytic method used by the programmer. The synthesis of 
reading behavior or of some part of it is used as a test for -eval- 
uating the adequacy of the analysis, the program developed to 
synthesize skills f oil' its a "learning-as-discriminatingV paradigm, 
and the resulting programmed tasks are analogous to matching-to- 
s ample tasks. 



An historical view of a given science is likely to reveal relatively dis— 
crbte stages of development, each forward thrust being triggered by some single 
event. A closer view of the events themselves shows that many or even most of 
them involved an engineering feat, 1 that is, a production of some sort. Thus 
Pavlov, concerned with problems of "pbychic secretions , 11 paired a neutral 
stimulus with an unconditioned Stimulus and produced a conditioned salivary 
response; Skinner, concerned with training pigeons to guide missiles, did so 
by arranging environmental conditions, and thus began the investigation of 
schedules of reinforcement 5 Selye* submitted rats to stress for sustained 
periods, and produced the* symptoms Of a ‘variety of common diseases; and German 
scientists in World War II launched V2 rockets which landed on target in 
England — the first step in the space age. 

- . * * . ‘ ‘ . .4* i 9 , i ♦ . a« • • . . * . . \ * * - * t . * » k ' - * * . 

Needless to say, these engineering achievements were based on prior field 

1 * . ,l - • * * :t * , * ? •"* - t t •„ *■ «. » y * ^ ^ 

research and laboratory research. But it may well be that the progress of a 
science is limited by the progress of any one of its research stragegies, field, 

‘ •• it..’** • ' j *'»«• . . . : .• . '>?. ;• v., ... * 

laboratory or engineering (Smith et al., 1965). If so, the lack of substantial 
progress in the psychology of reading may be traced to lack of progress 
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in its behavior *1 engineering phase, the production; of children oho can read. 

Reading Instruction aa Behavioral Engineering 

The task of the reading teacher la. prime facie , to produce reading be- 
haviors In children. Viewed aa an engineering task* "reading" behaviors may 
be defined as a set of specifications: 

!• Respond differentially to each member of an auditory contrastive 
pair (as /hit/ : /bit/). 

2. Say the name of each of 200 sight words on presentation. 

3. Read a series of sentences aloud, without error. 

Each task can be specified, as can its position in a series of such tasks in- 

4 

creasing In complexity. Some criterion of success can be devised to insure 
that no necessary step Is missing in the total repertoire. 

The reading teacher operates under constraints, as does any other tech- 
nologist. But the only constraints in engineering research are those Imposed 
by the task specifications. She is free to produce reading behaviors In any 
way she can without concern for point of view, methodology or materials. Thus 
her only serious problem Is that of determining the most efficient way to do 
this job. And this is the point at which the programmer enters. 

Programming Reading Behaviors 

Ideally, a programmer analyzes a task without preconceptions. In order 
to avoid the "superstitious" behaviors making up part of the art of the prac- 

tltloner, he begins with his set of specifications or terminal behaviors and 

* « ” - - .. ♦* - ■ + v • ° ' ’■ * 

works backward. If a child is unable to read a sentence without error, for 
example, the programmer might ask himself, "What would the child need to know 
in order to read the sentence?" He. might conclude that lrecongltlon of each 



o 

ERIC 



-3- 



word is a necessary condition. At this point, a teacher might say, "But how 
about left to right direction?" The unsophisticated programmer doesn't know 
about that. i He asks the child to read the sentence, and, if order of, words 
appears to be a necessary condition, he would then teach it. In a previous 
non-idealized attempt to program, literacy (Smith & . Kelingos, 1965), the 
starting points were a principle, a model and a technique. 

The Principle . Learning may be viewed as the discovery of a difference 
between two apparently identical stimuli, that is, the same response tends 
to be made in the presence of either stimulus until a difference is discov- 
ered between them. For example, an illiterate of any age must discriminate 
letters from non- letters, similar appearing letters from one another, and 
incorrect productions of letters from correct productions. Similarly, at 
word, phrase, and sentence levels in the visual realm, hr* must discriminate 
forms which are linguistic from those which are not, and discover the differ- 
ences among similar forms, e.g., was from want , has , as . and saw . He must 
also hear differences among phonemes, discriminate the words within utter- 
ances (e.g., Whadavacallit ?) and discriminate the correct name among many 
possible names for a particular word. 

The principle of discrimination learning leads to strategies for produc- 
ing behaviors, one for analyzing the behavior, another for synthesizing or 
constructing it. 

The Model . When discriminations are made spontaneously, they appear to 
be made in an orderly fashion. Initially, a simple, orderly model was used- 
visual discrimination of letters, words, phrases, sentences and paragraphs. 

But this proved too simple. Auditory discriminations among phonemes, words, and 

11 ■■ * . : ; * » ^ * L . ’ „ * I 

sentences had to be added. Next came cross-modality associations, that is, 
oral responses which are made to a visual stimulus. Next, it was found 
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necessary to teach from whole to part, whole story down to single word, and 
from part to whole, letters and phonemes within words, within sentences, 
within stories. It was necessary to begin with sight words and, at the same 
time, systematically teach sounding, based on sight words. In brief, the 
model has become so comprehensive that every school of teaching reading is 
likely to find itself vindicated by the results of programming research* 

The Tec hnique . A single presentation technique for discrimination 
learning was used throughout. Based upon matching-to-sample tasks, it in- 
cluded a model (the entity to be learned) and two choices, one identical with 
the model and the other differing in some way* For example. 





f 


t 


f 






boy 




toy 


boy 



No confirming response is provided. Frames are arranged and ordered so that, 
given an appropriate working environment, the correct choice can be discov- 
ered. Thus, reinforcement is provided by discovery. 

Programming as Research 

To illustrate the research procedure, consider the example from letter 
discrimination. During individual tryout of the program, the following frame 
was uniformly successful: 
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In group try-out, some eight of nineteen first-grade children made the 
wrong choice. The frame was redesigned: 




On individual try-out with three of the more primitive children, two of the 
three circled the t.. We redesigned it once more: 



f 

t f 



On group try-out, nineteen children circled the correct choice out of a class 
of nineteen. Thus the specification had been satisfied. The process of re- 
thinking and redesigning is called engineering research. From the foregoing 
process, three inferences were drawn. 

1. Since a discrimination is defined as response to a difference be- 
tween two things, the page must be arranged to allow discovery of 
a difference. , 

t 2. The relationship of the model ^ to the reference line may be 
defined as the shape of the space between the model and the line. 
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The difference in the shape of that space for the f, and t, provides 
the initial discrimination or point of difference. 

3. "Primitive” children, in this case, may be defined as those whose 
discrimination of space is inferior. 

These inferences drawn from the engineering phase may now be tested in 
a laboratory study. Consequently, that process is called laboratory research. 

The prior problem analysis is an example of more than fifty such prob- 
lems which arose during program development. Others dealt with teaching 
space discrimination prior to handwriting, providing non-oral directions for 
essentially non-verbal children, arranging tasks to allow for differences in 

attention span s teaching grammatical relationships by means of pictures, and 

\ 

many more problems. The phonics issue was even resolved satisfactorily so 
that subjects were able to use this skill. 

4 *> 

One problem is worthy of special mention. It was found that the rate of 
work increases sharply in a safe e ivironraent. The usual classroom tends not 
to be a safe place to work for many children, judging from their behavior. 

The single, most important source of variables characteristic of safe environ- 
ments appears to be the behavior of the teacher. Absolute consistency of her 
behavior was a necessary ingredient for meeting the task specifications. One 
of the peculiar values of the behavioral engineering view may be its require- 
ment of task specifications. In this case, in order to fulfill the specifi- 
cations, field variables had to be examined* specifically, teacher behaviors, 
rather than solely the method or the child. 
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Abstract 

One. of the aspects of the native speaker's ability to create 
novel utterances involves the processes of word formation. Three 
types of word formation have traditionally been recognised, namely, 
derivational processes, inflectional processes and compounding. 

The first of these is examined within the framework of transformational 
grammar . 

The relationship of these processes to syntactic productivity is 
discussed, and the conclusion is reached that these processes should 
be revealed in the grammar, since the native speaker can: 

1) recognize the relationship between stems and complex forms 
containing that stem, 

2) recognize recurrent partials, 

' 3) recombine, these elements into new forms. 

We argue for two types of derivational processes. One is syn- 
tactic' derivation, illustrated by the sentence: 

My being aware of his knowledge of her illness convinced them . 

The other type , which appears not to be related to syntactic processes, 
we refer to as lexical derivation. It may be exemplified by the pro- 
cess which adds the 1 affix -ly to the stem ''gentleman 11 to produce the 
complex form "gentlemanly." 

We propose to characterize this second type of derivation by 
the addition to the grammar of a new set of rules. The function 
of the new rules And the distinction between the two types of 
derivation are illustrated. 



One of the central concerns of the linguist is the ability of fluent speakers 
to create novel utterances. Two of the aspects of this ability are the percep- 
tion by the speaker of the structure of morphologically complex wprds and the 
occasional creation of new words by what are called derivational processes. 

Specif ically, this includes the ability to recognize a relationship between a 
stem and complex words containing that stem. For example, the speaker can rec- 
ognize the relationship between a word like tie* and derivatives like untie 
an< * tieable . He is also able to Identify recurring forms, such es the un- 
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in - n -^‘ Oban ,, “HSEHS.. «te., «nd to extrapolate th«ir meaning in unfamiliar 
word*, and aomatlmaa to uaa them In creating new forma. Since theee proceesea 
are largely productive, then, It would appear that thle la an ability that ahould 
be repreaented in the grammar. Chomsky’s recently proposed model of gramqiar will 
handle aome derivational proceaaaa, but we propoae that a new type of rule la 
needed for enother kind of derivet ion. 

There are two varieties of derivation. One variety results from the opera** 
tion of ayntactic proceaaaa. For example, In the aentence. My being aware of 
his jfflpyladge of her i llness convinced them, the morphological changea which give 
ua the three phrases, my being aware , hie knowledge, and her Illness , can be 
seen to be the result of applying the nomlnallsation transformation' to each of 
three source strings. This will be referred to aa syntactic derivation . 

The other variety appears not to be related to ayntactic processes in a 
similar way, and will be referred to aa lexical derivation . This includes 
auch processes as those by which nouns are converted to adjectives, the phonetic 
realisations of which include the affixes -1* as In friendly or -ous as in 
ridlculpua , or thosa by which adjectives are converted to adverbs, the phonetic 
realization of which Is the -ly of quickly. The following observations may help 

h * * 

to clarify the distinction between the two types of derivation and to Justify 
the seaond. 

the existence of certain structural ambiguities Is an indication that there 
may be two ways of deriving morphologically complex forms. For example, consider 
the two sentences , J ohn’s illness made me cell a doctor, and John's lljgaga is 

ifl . cur yble . The first sentence results from a f active nomlnallsation. It could 

be paraphrased as , The, fact that John was 111 made me call a doctor . However, 
we do hot have the sentence,* John^s disease made me call a doctor 3 , because 
only fact, action, or human noun phrases may be the subject of this type of 
causative verb phrase. In the second sentence, however, illness may be replaced 

er|c . « ■ 
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b y disease: John's disease is incurable . But we do no r have the sentence, * The 

£jS5' fost J °hn was ill is incurable; . since fact noun phrases cannot be the 
subjects of this type of verb phrase. The ambiguity of John's illness and the 
ungrammatically of the two sentences, * John's disease made me call a doctor , 
sod *The fact that John was ill is, incurable , indicate t'wmethods for deriving 
illness, one lexical and one syntactic. In fact, there are a number of similar 
cases in which a norainalized form may have more than one interpretation, at 
least one of which is a f active, manner, or action nominalization, syntactically 
derived, and one of which is a concrete noun, which we are considering to be 
lexically derived. Consider the word combination in the following sentence: 

The combination of these elements is a. slow process , where combination is the 
result of an action nominalization, and in The combination of these elements is 
an explosive substance where combination is the result of the application of 
the lexical rule by which nouns are formed from verbs . 

Perhaps the strongest motivation, however, for the addition of lexical 
derivational rules to the grammar is the existence of a number of morphological 
relationships which do not appear to be syntactic in nature. To attempt to 
account for the relationship between, for example, relate and such derivatives 
as relative , relativism , relativist by deriving the latter three forms from an 
underlying structure in which the constituent sentence contains the word relate 
would require both a structure and a transformation whose sole function and 
motivation would be to produce these derived words . In other words , apart from 
morphological considerations, there is no independent syntactic justification 
for a transformation like this. This type of transformation can be seen to be 
quite different from the type which effects nominalizations, where the morphologi- 
cal processes are seen to follow automatically; it is not the case that the sole 
purpose of nominalization transformations is the creation of morphologically 
complex words. 



Lexical derivation is considered to be effected by a set of rules • 

To give an indication of precisely how they operate to characterise the speaker's 
ability to create morphologically complex forms, several features of this set 
of rules may be pointed out. First, the forms resulting from these rules are 
accessible to the lexical selection rules. The lexical derivational rules operate 
on the 8 terns of the language, most of which in English are free forms. They 
effect morphological changes in terms of the particular process involved, not 
in terms of any given affixes, since most processes have more than one phonetic 
realisation. In fact, the ultimate phonetic realization may even be zero, as in 
the relationship between love as a noun and love as a verb; it may include 
such internal modifications as the change from sin* to its concrete nominalization 
sonfc, or the change from prove to proof . The stems may pass through the set 
of morphological rules which are unordered and cyclical. Each rule attaches 
to a stem a particular derivational marker for such processes as tnominalization, 
adj ectivalizatlon, or adverbalization. This signals the operation of a phono- 
logical rule which assigns the actual phonetic form associated with the marker 
for that particular stem. These phonetic forms are what are known as affixes. 

Each lexical derivational rule specifies the syntactic features of the stems 
on which it can operate, and those of the derived forms. The interpretation 
of the derived word results from the amalgamation by the semantic rules of the 
semantic features of the stem and of the marker. 

Consider the process by which nouns are converted to adjectives which 
mean, roughly, 'like" that noun* The rule attaches this particular adjective 
marker to nouns and specifies that the new Combination is an adjective. The 
marker signals the application of certain phonological rules, the phonetic 
shape of this particular marker being /i / <-y) for some nouns, /is/ (-ous) 
for others, and /li/ (-ly) for still others. It seems Inevitable that these 



nouns will have to be marked Recording to which of these phonetic forms they 
take. There is however, a regular and productive form which appears, either 
when a form is not marked to take one of t;he other affixes or when a new 
morphological, form is created, such as -like , in tree-like . It appears that 
each of the morphological processes has a regular phonetic form— the one which 
is added in the creation of new forms: e.g., for nominalization it is -ness . 

The adjectivalizatlon process just described should not be confused with 
another one by which nouns are converted to adjectives, in which the adjective 
has the well-known Webster-like reading: "of or pertaining to" the noun in 

question. The phonetic realizations of the marker attached by this process 
rule include the endings of words such as heroic , molecular , experimental , 
etc. It is possible. Incidentally, that some of these phonetic forms may be 
phonologically conditioned, as are probably these latter two, namely -ar and -al . 

The derived , form may then either enter the lexicon or undergo lexical 
derivational rules for which it has now become eligible because of the changes 
in its syntactic features effected by previous rules. Thus, in effect, an 
ordering, is . imposed on the rules and we have a way to illustrate . the structure 
of a word like ungentlemanlines a . 

If the grammar of a language is to characterize adequately the 
native speaker's ability to use and understand morphological processes, 
then. the grammar of English must reflect the high degree of complexity and the 
large number of . irregularities involved in derivation in English. Let us 
consider sqme of the facts about derivational processes vhich should be 

■f 

revealed by these rules. 

There are derivational affixes with very restricted semantic readings 
which have been borrowed into. English with certain. $s terns and which may now 
be. used freely with ot^er stems. , Examples of this include such forms af . 

-ette. Presumably, there will be a lexical rule by which concrete nouns may 
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be made diminutive by the addition of -ette, thougl most of these are not used. 

Second, there arc! many instances of sets of related forms, the relation- 
ship between which forms we can recognize, but whose stems are not free forms, 
such as a trocious and a trocity ; viscous and viscosity: or pragmatic, pragmatist 
and p ragmatism . These stems will be marked as noun stems, complete with 
semantic readings, which will be marked obligatorily to undergo the adjectiv- 

alization rule. The forms thus created would then be eligible for the nom- 
inalization rule. 

Another example of this is the relatively large set of Greek or Latin 
stems to which may be added certain Greek or Latin affixes. These stems are 
rarely free forms and include the £eo- of geology , the theo - of theology , and 
the hemat- of hematology the affixes include such forms as - ology . . OC racy . 

. -ograpfay. -otomy , - onoiny . etc. 

Another irregular case is the agentive suffix -ist. Some of the different 
types of stems to which it can be added are: a) stems which are marked as 

being eligible to take -ism: socialism , socialist : pragmatism , pragmatist : 

b) stems to which one of the Greek affixes mentioned above has been added by 
a previous rule: biology, biologist: agronomy , agronomist : c) stems denoting 

musical instruments, with some exceptions: violin , violinist : harp , harpist : 

ha rmonica , but not harmonicist. In addition, -ist may appear as the irregular 
phonetic form of the agentive marker for verbs , which is regularly -er : sing . 
singer ; drive, driver : but cycle , cyclist : type . typist . 

There are several derivational processes which do not seem to be as clearly 
lexical or syntactic as the cases investigated above. Here, as for many other 
phenomena whose explanation in^ the generative grammar is not immediately obvious, 
we propose to account for the clear cases and examine these not-so-clear cases 
in terms of the restrictions imposed by the obvious examples. Let us consider 

three such cases of the present problem. • 

• • 
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First, consider whet hfct the addition of what may be termed the potential 
affix, ordinarily spelled - able or -ible . may be more revealingly described as 
the result of syntactic or lexical derivation. Though the transformation to 
effect the potentialization of verbs would indeed be one deVised just for this 
purpose, it seems to be motivated by several other reasons. The string under- 
lying the washable in This dress is washable would be One can wash this dress , 
where the semantic reading of the modal can parallels that of the potential 
affix, where the restrictions on the possible objects of wash parallel those 
on the possible nouns modifiable by washable , and where such compound forms 

as hand-washable can be simply accounted for. 

♦ 

Next consider the negative prefix whose regular phonetic form is un-. This 

/ 

prefix may serve to negate either adjectives or verbs. For the former, there 
do not seem to be strong arguments against syntactic derivation. Thus the form 
unhappy in He JLs. unhappy may be related to an underlying string of the form He 
is not happy . But there do not seem to be syntactic motivations for deriving 
the negative prefix for verbs this way, since the interpretation of a verb 
like untie does not match that of not tie . That is , the interpretaion of He 
untied the ribbon is not paralleled by that of He did not tie the ribbon . 

The interpretation of untie could, however, be rather revealingly described 
in terms of a lexical derivational rule attaching the negative marker which 
has the semantic reading "reverse the action of the verb." 

Finally, consider the agentive suffix -er. Like the case of the potential 
affix, the transformation which results in the "agentivization" of sing to 
form singer is one that serves no independent syntactic function. However, a 
certain type of structural ambiguity may be best explained if the agentive 
is considered to be a syntactically and not a lexically derived form. This 

'4 ■ . •• 

is the ambiguity of She is a beautiful singer whose two paraphrases are . She 
sings beautifully and She is ja good-lroking singer. The first interpretation 
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ls the result of a nominalixation of the predicate sings beautifully . The 

1 

second interprepation is the result of agent lvizing She sings to The singer 
and preposing the predicate adjective of the singer is beautiful to the pre- 
. nominal position. Only by assuming syntactic derivation for singer can the 
first interpretation be explained. 

We have attempted to show that morphological processes should be represented 
in the grammar as part of the fluent speaker's ability to use his language. We. 
have indicated that the simplest representation is one which involves the addition 
to the grammar of a set of rules to handle those derivational processes which 
do not appear to be syntactically motivated. 










■ ;■ V;- v.*-: -prrr: 



9 



References 

Chomsky, N. Aspects of the theory of syntax . Cambridge: MIT Press, 1965. 



Footnotes 

1. This paper was read at the annual meeting of the Linguistic Society of 
America, Chicago, December 30, 1965. 

2. We wish to thank Dr. Allan R. Keiler, Assistant Professor of Lin- 
guistics, University of Michigan, for his critical reading of this paper. 

3. An asterisk: is conventionally used to indicate an ungrammatical 
sentence . 
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The Role of Lexical and Grammatical Cues in Paragraph Recognition 

A# L. Becker & R. E. Young 




The Role of Lexical and Grammatical 



Cues In Paragraph Recognition 
Richard E. Young and Alton L. Becker 
Center for Research on Language and Language Behavior 



Abstract 

Paragraphs are linguistic units that are marked by rhetorical 
structure, grammatical sequence, and semantic field. Given an 
English passage without paragraph Indentation, subjects were 
largely In agreement on the places at which paragraphs can 
begin. Strong consensus was also obtained with a second group, 
when the same passage was presented with lexical cues deleted 
(by replacement of content words with nonsense syllables). 

It Is concluded that paragraphs are not arbitrary units. 

Furthermore, an analysis of the places where paragraphs were 
marked by the two groups showed that, although lexical cues are 
not essential for this judgment, a change in the lexical pattern 
is an important cue. Grammatical parallelism between adjacent 
sentences is a cue that a paragraph break is not usually called for. 

Paragraphs are linguistic units that can be marked in three ways. They 

manifest rhetorical patterns which can be segmented into functional parts, 

i.e., topic and restatement, topic and example, topic and partition, topic 

and division, topic and location, topic and analogy, topic and cause, and 

problem and solution. These kernel patterns may- be transformed by four pro- 

ft 

cesses: inversion, expansion, deletion, and combination. They are grammatical 

structures marked by verb sequence and by grammatical and lexical parallelism. 
Finally, paragraphs are semantic fields in which certain semantic categories 
(marked by lexical equivalence chains) are dominant and other semantic 
categories are subordinate. 

Although the general aim is to test each of these assumptions, the 
broader question* — do subjects agree in recognizing certain units as para- 
graphs?, and how do* they recognize these units?— are presently under investir 
gat ion. So far only preliminary testing has been done, with limited but 
striking results.' These tests will be continued in revised form, based on 
the preliminary findings- given below. 
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Method 

Subjects were given passages in which paragraph punctuation (indenta- 
tion) was removed. They were given the following instructions: 

"Mark the points where paragraphs may begin. Give your reasons for 
marking the paragraphs as you do (e.g., "Line 71: new topic; Line 48: 

change in time, etc. ,, ). n 

Half of the subjects were given the actual passage (without para- 
graph indentations) and half were given the same passage (also without 

paragraph indentations) with all content words (i.e., nouns, verbs, 
adjectives and adverbs) replaced by nonsense syllables. Function words 

(articles, prepositions, conjunctions, etc.) and grammatical markers 

(plural— 8, verb endings, modifier ending — ly, etc.) were not changed. 

(These two passages will be called English version and nonsense version, 
respectively.) 

The English version: 

1 Grant was, judged by modern standards, the greatest general 

2 of the Civil War. He was head and shoulders above any general on either 

3 side as an over-all strategist, as a master of what in later wars 

4 would be called global strategy. His Operation Crusher plan, the 

5 product of a mind which had received little formal Instruction in the 

6 higher area of war, would have done credit to the most finished 

7 student of a series of modern staff and command schools. He was a 

8 brilliant theatre strategist, aa evidenced by the Vicksburg campaign, 

9 which was .a classic field and dldge operation. He was a better 

10 than average tactician, although, like even the best generals of 

11 both sides, he did not appreciate the destruction that the increasing 

12 firepower of modern armies could visit on troops advancing across 

13 open spaces. Lee is usually ranked as the greatest 

14 Civil War general, but this evaluation has been made without 

15 placing Lee and Grant in the perspective of military de- 

16 velopments since the war. Lee was Interested hardly at. all 

17 in "global" strategy, and what few suggestions he did make to 

18 his government about operations in other theatres than his own 

19 Indicate that he had little aptitude for grand planning. 

20 As a theatre strategist, Lee often demonstrated more brilliance 

21 and apparent originality than Grant, but his most audacious plans were 

22 as much the product of the Confederacy's inferior military 

23 position as of his own fine mind* In war, the weaker side 

24 has to improvise brilliantly. It must strike quickly, daringly, 
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25 and include a dangerous element of risk in its plans. Had Lee 

26 been a Northern general with Northern resources behind him, he would 

27 have improvised less and seemed less bold. Had Grant been 

28 a Southern general, he would have fought as Lee did. 

29 Fundamentally Grant was superior to Lee because in a modern 

30 total war he had a modern mind, and Lee did not. Lee 

31 looked to the past in war as the Confederacy did in spirit. 

32 The staffs of the two men illustrate their outlooks. It would 

33 not be accurate to say that Lee's general staff were 

34 glorified clerks, but the statement would not be too wide 

35 of the mark.... 

T . Harry Williams : Lincoln and His Generals 

The Nonsense version: 

Blog was, moked by grol nards, the wiles t nerg of the 
Livar Molk. He was dreed and bams above any nerg on either 
dir as an aly-ib cosleyist, as a ralmod of what in tafy molks 
would be laned derid cosley. His Oramal Forof fusil, the 
fection of a ham which had halared noog laymal nanton in the 
roner plur of molk, would have done raboy to the most sacroled 
mintur of a toop of grol f ant and burkold mishes . He was a 
libart gonte cosleyist, as frommed by the Mottron magnil, 
which was a multh relon and hock oramal. He was a gloral 
than monit woltion, although, like even the comat nerg of 
both dirs, he did not scriptal the raistote that the crepting 
milrome of grol mapes could sligect on snomes plosing across 
prend bleermays. Berond is mornly slonated as the wilest 
Livar Molk nerg, but this lumitlon has been golled without 
rending Berond and Blog in the ecalmate of lamintale mer- 
cinations since the molk. Berond was trenaled hardly at all 
in "logwind" cosley, and what few grinations he did goll to 
his milerate about oramals in other gontes than his own 
solimate that he had noog predialon for mage fusilling. 

As a gonte cosleyist, Berond often margulled more glore 
and bomeline than Blog, but his most randlstic fusils were 
as much the solime of the Faldincron's blamby lamintale 
scard as of his own blee ham. In molk, the kaiber dir 
has to prongate glorally. It must krid peenly, mobbing ly, 
and crand a frostic smough of wab in its fusils. Had Berond 
been a Morian nerg with Morian caseins behind him, he would 
have simatated less and beoeled less dromal. Had Blog been 
a sorlan nerg, he would have bantioned as Berond did. 

Dantially, Blog was perstale to Berond because in a grol 
scome molk he had a grol ham, and Berond did not. Berond 
scolled to the rarae in molk as the Faldlncron did in pring. 

The fants of the two yapes crilliate their bomblares. It would 
not be antulate to chorn that Beronds nergal fant were 
brinated bunes, but the crontation would not be too al*y 
of the clop .... 

Although the passages were given to 37 students in freshman composi- 
tion courses in the College of Engin ering, 25 of these students were in 
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classes taught by the investigators (Becker and Young) , including nine foreign 
students (non-native speakers of English) . Because these 25 students had 
been exposed to the assumptions about paragraph structure listed above, it 
was decided that they should not be included in the tabulation of results 
of these preliminary tests, even though their reactions di* not differ 
significantly from those given below. Therefore results are given only for 
the 12 students who were not students of thS investigators. Of these 12, 
six were given the English version and six the nonsense version, with the 
instructions as given abov&. 



Results 



In the following chart, the numbers along the top are the numbers of 



lines in which sentences ended (i.e., possible paragraph breaks). Numbers 
in the cells indicate the total number of subjects (out of 12) who marked 
paragraph breaks at those points. The marks (tl) along the bottom indicate 
the original paragraphing of the passage. 

Lines: 2 4 7 9 13 16 20 23 24 25 27 29 30 32 

— ■ ■■ ■ ----- -- 

English Ver.: 01015015000400 
Nonsense Ver.: 01006003000500 
Author' 8 Ver.: H I 



The reasons given by the subjects for marking the passages as they did 
are hard to interpret. A subject with the nonsense version who marked lines 
13, 23, and 29 as paragraph breaks* said: "It seems apparent that there is a 
definite break in tone, when reading, where the new paragraphs begin. The 



sentences which constitute each paragraph all seem to sound harmonious and 
therefore probably fit into this paragraph. This is the only distinction I 
can observe." Such answers were hard to tabulate with the others* There were 
three recurring reasons given, however: a shift to a new topic, a new pattern 
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(comparison, contract, etc*), a Single word (e*g., "fundamentally^' or 
"dantially" in line 29 . ) . The following table give* the number of subjects 
who gave one of these three reasons! 



Line: 

Reason given: 


4 

n 


9 


13 


20 


23 


29 


(E. ver.) topic shift 


0 


0 


6 


0 


2 


4 


new pattern 


1 


0. 


0 


0 


0 


2 


single word 


0 


0 


0 


0 


0 


0 


(N. ver.) topic shift 


1 


0 


4 


0 


1 


0 


new pattern 

i 


0 


0 


0 


0 


1 


3 


single word 


0 


1 


0 


1 


0 


2 



(Note: some subjects gave more than one reason.) 

Results 

Although it would be prematures to draW firm conclusions from these 
preliminary tests , a number of observations can be made. 

(1) Paragraphs are not arbitrary units (as some have suggested) but, 
rather, conventional groupings of sentences marked by other signals than 
merely indentation. 

(2) Lexical cues are helpful but not essential in paragraph recognition. 

Subjects with i the nonsense version agreed very closely with those with the 
English version. ; '* i- t- -•“ i ? . • - : 

(3) Once a lexical equivalence chain has been established in a certain 
grammatical role, a change in t hie chain in that role is a strong cue for a 
paragraph break. Where this occurs in line 13, subjects were nearly unanimous 
in indicating a paragraph break (11 out of 12). Thus the correlation between 
grammatical roles (e.g., subject, object, etc.) and situational roles (e.g., 

v.V _ * 

actor, goal, agent, etc.) seems of major Importance in discourse analysis. 

11 ' . ■ 
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(4) A high degree of grammatical parallelism between two adjacent 
sentences seems to be a cue that a paragraph break not be made. There is 
a striking example of this in lines 25 through 28s though the topic shifts 
in line 27 (a strong cue for a paragraph break, as we saw in 3 above), none 
of the subjects marked a break at that point, probably because the sentence 
that begins in line 27 is closely parallel to the previous sentence. (A 
close study of reasons why paragraph breaks are not made is probably as 
important as a study of the reasons they are made.) 

Conclusion * 

This preliminary test (and others done with students and colleagues) 
produced results even more conclusive than had been hoped for, and these 
results encourage further testing of the following sorts: 

(1) Test 8 similar to the one described above but using more complex 
passages. (Also it seems dear that subjects should be given check lists 
of reasons for paragraphing, rather than be asked to .supply their own 
reasons); 

i 

(2) Tests in which the cues for paragraphing are manipulated in 
order to discover if certain of them are dominant over others; and 

(3) Tests, in which subjects are asked to sort paragraphs into a 
limited number of categbries. This would be an attempt to isolate what 
is believed to be recurrent rhetorical (or "logical") patterns. 
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Tagmemic and Matrix Lingula tics Applied to 
Selected African Languages: A Preliminary Report 

Kenneth L. Pike 

Center f dir’ Research on Language and Language Behavior 

* 

With the completion of Phase I (background reading and consultation) and 
the first half of PhaBe II (the Ghana Workshop), Dr. Kenneth L. Pike has re- 
ported that "results have been very staisfactory. Samples of problems selected 
range over the grammatical spectrum . . . from the discourse level to minute 
[matters] of tone morphology, [to] some items concerning phonetic quality and 
accent dynamics ..." 

The second half of Phase II is now underway in Eastern Nigeria where Dr. 

Pike has established a second Workshop. 

During Phase I, Thurston Nicklas, a graduate research assistant, prepared 
a tagmemic analysis of Desmond Cole's work on Tswana (Bantu). Matrix hypotheses 
were set up for Bantu material, and sample questions were prepared for use in 
asking informants about sample sentence types. Another graduate assistant, 
Gisella Kappler, prepared similar materials on Housa (Semitic). 

Meanwhile, Dr. Pike has been striving to draw a broad picture ot the 

J 3 J 

general situation in African languages by (a) studying tapes; (b) reading a 
summary of the linguistic families of Africa, and thereby identifying some of 
the areas whAre he would sample; (c) beginning work on some specific restatementj 
of linguistic materials; and (d) trying to Integrate some of this broader work 



Editor's note': The introductory section of this article was written by the 

Editor, based on information in a letter from Dr. Pike to James Alatls, Chief, 
Language Section, Research Branch, Division ©£ Higher Education Research, U.S.O.E. 







and the specific student research with available preliminary work of other 
types in his files. 

Dr. Ruth Brend, project associate, started (a) to develop bibliographical 
materials, (b) to work on Yaruba for structural restatement, and (c) tp look 
briefly at materials on a dialect of Wolof. 

Other preparations for Phase II included a visit by Dr. Pike to North- 
western University to discuss with Professor Jack Berry the kind of goals which 
might contribute most to African studies. Also, he was able to visit Hartford, 
Conn., for .extensive discussions with Dr. H. A. Gleason, Jr. and Dr. W. J. 
Samarin, and to collect from them crucial bibliographical references. Further 
contacts in Washington, D.C. with Dr. Earl Stevick and others helped to fill 
in general background. Dr. Pike routed his trip to Africa by way of Belgium 

in order to talk with E. E. Meussen, of the Royal Museum for Central Africa, 

at Tervuren, Belgium. In addition he was able to discuss African languages 
with Professor Bertha Siertsma, Amsterdam, before heading for Ghana. 

The Ghana Workshop, staffed by linguists of the Summer Institute of Lin- 
guistics, was organized into three language sub-groups, all members of the 
Gur (Voltaic) group of the West Atlantic Sub-family within the larger Niger- 
Congo Family. Specific projects were selected for each linguist in such a way 

* V 

as to get the broadest coverage of the most acute kinds of problems for lin- 
guistic analysis which occur throughout the region. These included some 

problems that are well-known to linguists and others that have not been 
treated extensively— if at all — but which might lend themselves to tagmemic 
and matrix treatment. 



- 3 - 



The Mole-Dagbani Sub-Group 
The Dagaari language •<: * . 

Jack Kennedy concentrated om a crucial problem, 'central to syntactic analy- 

] 

sis, of trying to describe clause types„ (intransitive, transitive, equative, 
etc.), vital to the handling of highdr layers of the grammatical hierarchy in 
other projects of the Workshop. His paper treats each clause ty^e in terms of 
the features that contrast it from other clause types; the expansion variants 
which allow it to contain peripheral tagmemes; and the initial statement of 
their distribution in complex clauses of a serial nature. 

The Gurma Sub-Group 

The Bimoba language " ■ r- • 

Gill Jacobs worked on two ’pfdblems. , (a) For the verb morphology (where 
the suffix system appeared to be extremely irregular, with criss-crossing 
classes of stems according to their phonological characteristic and their 
tonal patterns) , she used matrix permutations to uncover bits of pattern which 
had escaped routine morphemic analysis, (b) In a second project, she attempted 
to show how the simple clauses enter into sequences in special kinds of serial 

i 

constructions. For this purpose various clause matrices were used to show the 
distributional display. • 

*. i * 1 11 ? # 

The Basare language 

Monica Cox had two projects, (a) In the first, she studied classifica- 
tions of verb stems which had intricate criss-crossing criteria (including 
their syllable CVC structure — with consonantal endittge»-and intricate tonal 
rules) • A special matrix display allowed these two to be put into clearer 
focus, (b) As a second project, in close collaboration with the Project 
Director , she s tudied the accentual dyftamids of this tone, language. Such a 
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study seems to be almost totally new to West Africa— —but very much needed, 
since, for a long time, there have been known to be groupings of syllables 
(regardless of the number of syllabled) according to the action of tone rules. 
But no underlying phonetic reason had been found conditioning such groupings. 

In this study, however* there is found to be a metrical, quasi— Isochronic foot 
which in part determines these characteristics. In addition, feet were inte- 
grated into a hierarchical dynamic system where the accented syllable is in 
part perceptually intense, in part slightly lengthened, and in part integrated 
with certain grammatical features. 

The Grusi Sub-Group 

The Kasem language 

Kathleen Callow made, a significant contribution by showing the structure 
of the longer sentence pattern within which clause strings (serial clauses) 
could occur (either within a dependent clause, or within a following independent 
clause, or within a still later dependent clause of a complex sentence). These 
clause strings— or serial clauses— had speci al characteristics. Inasmuch as 
the nature of serial clauses has been one of the chief points of difficulty for 
the analysis of West African languages, an analysis of these strings will be of 
value to all members of the Workshop. She will continue to study higher-layered 
complex structures (the internal complexities of series greater than that which 
has been handled so far) . The inclusion of strings within strings has pre- 
sented difficulties which we hope that she can now describe through her appli- 
cation of matrix tools to them. 

. , •/. • ■ •• • - . ; ■ . . . * . .. 

Dr. John Callow, in his first project (a)_at tempted to bring mathematical 
sophistication to bear upon the displaying of clauses through matrices, in 
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collaboration with other members of the Workshop, However, his next contribu- 

* o * * i- 

tion (b) is a very crucial one. He has shown that a very complicated system 

■" r -■ - ' v» - , 

of noun classes can be handled through matrix presentation* Inasmuch as he 

i 

has previously published three separate analyses of this same data, from con- 

a w* # . * * * 

trastive theoretical points of view, this new matrix treatment of the same data 



provides a most useful opportunity to compare the contribution of the respective 
models— or the unique contribution of the matrix approach, (c) Callow will be * 
continuing matrix study, in which he will attempt to use the noun matrices re- 
ferred to above to find a way to compare morphological structures across related 

* 4 . . 4 \ \ 

languages. Inasmuch as there was no simple way of comparing language differ- 
ences within such an intricate criss-crossing of categories of nouns— but which 
is in this display easily visible— this promises to be a major contribution, 

(d) He also began work on a theoretical paper, as a further project, to try to 
show how categories within the language can, in fact, be expressed simultane- 
ously, or in complementary distribution, on different levels of a grammatical 
hierarchy. If this succeeds, it will have considerable generalizable theoreti- 
cal interest on the nature of the interlocking of hierarchical levels for 
» * 

semantic purposes • 



The Vagala language 

Marjorie Grouch began work;. with the observation that certain clauses 
within text were marked as being in "focus". ThevcontraBtive signals involved 
the tone of verbs and some of their affixes. Focus affected sentence sequences 
and the style or structure of the narrative. 

Miss Crouch and the Project birector are presently attempting a theore- 
tical analysis of a problem new to the study of African linguistics, the „ 

' ' ' * '* - *' ' 1 
presence of sentences in a series (sentence strings) which' we "call "para- \ 

graphs" . On a higher level of the hierarchy v> these are parallel to the 



independent plus dependent strings of clauses. This * in- turn,, leads to a 

„ . s’' t 

theoretical statement about hierarchical structure at various levels, in 

r> * „• •> * ■■■' % 

which each principal level of the hierarchy has to be viewed as itself a 
complex. The description of this complex is under way* 

In the same language, one finds indetermlnacies in a gradual shift 
from certain Independent verbs to particles that are not synchronically 
recognizable as verbs, although historically derived from them. The imves- 

a •> 

tigation of this major difficulty in analyzing West African languages, 
which focusses on auxiliary verbs that at times look like particles and at 
other times are closely related to verbs, puts them in the framework of 
a theory of change. 

The Sis ala language 

* * ■ 

E. Ron Rowland has been attempting to ‘work on a still higher level of 

C- 4 * 

the hierarchy than the paragraph structure treated by Marjorie Crouch. He 

•' ♦ * \ il v *! *,j 

has found some scattered evidences that even at the level of the narrative 
there is a general structure of main element “setting of the stage" of the 
story, followed by the suppression of reference to some staging components 

m 

which have already been mentioned. This may eventually lead to handling 

« 

of strings of paragraphs of a dependent type (following an independent 
paragraph) much as Kathleen Callow is working on clause strings in the sen- 
tence, and Miss Crouch is working on sentence strings within paragraphs. 



Muriel Rowland has been working at the opposite pole of the structural 
hierarchy in Sisals* She has attempted to study the perturbation of low tone 
verbs in isolation, and also in serial construction. Certain minute problems 
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of tone force one to consider the possibility of abstracting a continuous 
morpheme of tone alone, but this is complicated by relation to focus of inde- 
pendent clause. The discussion of this problem is an interesting one, in the 
context of tone rules in the verb or verb phrase. 1 

The Akan Sub-Group of JKwa, in the Niger-Congo Sub-Family 
The Project Director was able to consult with Dr. J. H. Stewart at the 
Institute of African Studies, University of Ghana, at Legon. Growing out 
of these discussions there will probably be a twjln study on tense and voice 
quality in Twi — a problem which has long troubled scholars working on West 
African languages. If the Project Director is able to get laboratory 
confirmation (by Dr. Ruth Brend) of the phonetic hypotheses, there should 
grow out of the study results of considerable generalized phonetic interest. 
In any case. Dr. Stewart will continue with his linguistic analysis of the 
problem of vowel harmony (under the auspices of the Institute of African 
Studies). 



Lectures to the University of Ghana 



While the Workshop was in session. Dr. Pike gave a series of six lectures 
to students of the Institute of African Studies at the University of Ghana, 
and another set of six to its Linguistic Department. This collaboration was 
designed to encourage students of Ghanaian origin to enter into a linguistic 
career, and to foster Interchange of ideas among the professional scholars 
present • ~XXX 



<•. "W 









•’ v. 

X;-i; XX! 






■■ >-X . : 



XXc> ■ ' -XX L XX: ' ; 4 XXXX o 

• ,■ ■■ ' r- : * • j . . V-; v:,, V sir 



^,/xX' 



o 

ERIC 



ii 



^ XX'X ‘ X 

•X-"'- •- .. -'-X ■■■■-. -X. x^v>,-y ■■ ■ .... * 

X •••'.— x^y: ,;^X. , \.;X' •; ■■ : : x; X-- ■ ' ' '• 

•X.X ••';'••• X; J X ■ > * /*- 5 / Svf • XX X X f : \ \ X“v ' ■ ■'C , / \x; ' ‘ r 

.-.X’" ' X V'.X 1 ! ' - :;X x; ' - X- : yXy'/X X-/,.~ '.X'X-;.-: X ' ;X- X • ^ X. yx .^XX- 'X ^ X ‘X? 1 ' . ' X^XXX\X-'; v • ’X 

1 ■ ■' % ■ '/ X - « - < X v X /X ; xX- X: H: r;\. ’X— -*=*- :-r r .- - ■: • - 7 

XX- x. Xx^Xt; 




II. 



STUDIES IN PROGRESS 

Group A: Language Processes 

Acoustic analysis of the prosody of Jordanian colloquial Arabic (R. M. Rammuny, 
J. C. Cat ford) , \ .. . V 

Categorical perception and diacriminability on acoustic and visual contlnua 
(J. Kopp, H. L. Lane) . > 

i 

Extension of the Speech Auto- Instructional Device to teaching segmental 
features of language (J. C. Catford, H. L. Lane, Ruth Oster, S. Ross) 

Functions of speaker and listener vowel-spaces in the imitation and identifica- 
tion Of spoken vowels (S. Ross) 

Investigation of the rhythm of spoken American English (G. D. Allen) 

Matching functions, equal-loudness contours, and middle-ear mechanics (S. Ross) 

V *’ * 

Perception of grammaticaluess by aphasic adults (R. S. Tikofsky, Rita Tikofsky) 

Perceptual and cognitive processes in speech recognition (J, F. Hemdal) 

Syntactic generalization in aphasic adults (R. S. Tikofsky, Rita Tikofsky) 

The relation between arousal and the recall of verbal material in connected 
discourse (F. M. Koen) 



The role of distinctive features in phonology in the perception and recall 
of speech (F. M. Koen, D. M. Elliott) 






Group B: Language Acquisition 



Acquisition of Japanese by children (D. McNeill) 

Acoustic analysis of the development of the prosodic features of Infants' 
vocalizing (W. C. Sheppard, H. L. Lane) 

The use of the Cloze technique in the study of the grammatical skill of 

retard »* normal subjects (M. I. Semmel, L. S. Barritt, S. W. Bennett, 

C* W. IVi a-tti J 



Latency and accuracy of responding by retarded and normal subjects to sentence 
structures (L. S. Barritt, M. I. Semmel, J. Prentice, S. Bennett) 

Changes in psycholinguistic functioning as a result of an integrated school 




Group C; Language Modification - 

Differential reinforcement of a vocal operant along three parameters (S. Knapp) 

Discrimination program for French teaching fellows (S* Knapp, G. Gels, D. Dugas) 

Objectives and techniques for training teachers in classroom control (D« E. p, Smith) 

Operant analysis of classroom interaction in foreign language Instruction 
(S. Knapp, G. Gels, D. Dugas, C. Sisson) 

Some effects of the behavior of the teacher on discrimination learning by 
the student (D. M. Brethower) • _ 

The role of confirmation in programmed Instruction (G. Gels) 



Group Ds Language Structure- 

Identification, description and. testing of the psychological reality of the 
paragraph (A. L. Becker, R. E. Young, F« M. Koen) 

Project in rhetoric: the identification and analysis of structures beyond 
the sentence (K. L« Pike, A. L. Becker, R. E. Young) v 

Tagmemic and matrix linguistics applied to selected African languages 
(K. L. Pike, Ruth Brend, T. Nicklas, flisela Kappler) 
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